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X FAGTOR-----—(X)

Z FACTOR-------(Z)

FIRST POINT-~~(D)

SUBPROGRAM--—-(P)

SUB START NO.—(H)

SUB END NQ.----(E)

17.21 The table below shows the prompts that the control
Prompts gives for G75 - Cavity Milling, and a brief explanation
of each parameter allowed in G75.
Table 17A
Prompt Function
CAVITY--—----— G75

"X" programs the scaling factor applied to the X axis

in the profile. This scaling factor is applied

linearly along the path according to the increments
programmed with D in the path. When the path reaches
its final destination, this factor will have been fuily
employed. The resulting scaling will be a mulitiple of
any initial scaling in the profile.

"Z" programs the scaling factor applied to the Z axis

in the profile. This scaling factor is applied

linearly along the path according to the increments
programmed with D in the path. When the path reaches
its final destination, this factor will have been fully
employed. The resulting scaling will be a multiple of
any initial scaling in the profile.

"D" teils the control to perform the profile at the

first point in the path. If D is not programmed, the
first point in the path is skipped. in either case,

the profile is performed at the end of each D segment
programmed in the path, and at the end of the path.

"P" programns the number of the subprogram that contains
the profile. If a2 subprogram is not used, then a
subroutine must be specified with H and/or E.

"H" programs the starting sequence number of the
subroutine that contains the profile.

"E" programs the ending sequence number of the
subroutine that contains the profile.
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17.2.2 You must program the data blocks that produce the
Planning the profile in a subprogram or subroutine. The G75 will
Profile call the subprogram or subroutine and produce the

profile.

Moves that do cutting in the profile should be
programmed in the XZ plane. The profile can include
any feedrate and scaling information (although scaling
won’t normally be required in a profile).

The profile should include:

e feedrates for the moves in the profile
These feedrates don’t affect the feedrates used
along the path.

e moves in the profile
These moves should be defined in the XZ plane.

e offset and cutter compensation
You should program the tool radius offset you want
to use in the profile if it differs from the one
used in the main program. This compensation value
is generally the radius of the end of a ball end
mill.

Compensation for the XZ plane (G19) is automatically
assumed.

e initial scaling (not normally needed)
The profile can include any initial scaling value,
programmed with a G72 block, at the beginning of the
profile. This scaling is for the X and Z axes.
Remember that if the profile includes arc moves, the
scaling amount for both axes should be the same.
Note that the scaling programmed with the G75 cavity
autocycle will be multiplied to the scaling value in
the profile.
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17.2.3
Ending the Profile

17.24
Planning the
Path

17.25
Planning the Cavity

The G75 performs the following each time the profile
execution ends:

e returns the Z axis to its start position in the
profile

e turns off cutter compensation

o returns the X axis to its start position in the
profile at the current feedrate in the calling
program

The path along which the profile is performed can be
any valid motion block, or series of motion blocks.

If you program a D word in a motion block of a path,
the block is divided into D number of segments. The
profile is orthogonal to the path of those points
defined by these segments.

If no D is programmed in a motion block of a path, the
profile is performed at the end point of the motion
block.

Note that profiles are not automatically performed at
the first point in motion blocks. You must program a D
in the G75 block to perform the profile at the first
point in a motion block. Having a profile at the first
point is not generally desired unless the cavity starts
out of the work or a closed path must be programmed.
In these cases, the last point in the last move of the
path will perform the profile at the first point of the
first move

The G75 block is used to:

# establish the profile
The G75 block can use the branch words P, HH , and E,
or any valid combination of these, to call the
profile. For example:

- G75 P3#

establishes program 3, which contains the moves of
the profile.
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- G75 H100 E200#

establishes the subroutine that begins with N100 and
ends with the block just before N200. This
subroutine contains the moves of the profile.

set scaling applied to the profile along the path

X and Z words programmed in the G75 block, are
scaling factors applied to X and Z words of the
profile. The scaling called for in G75 is applied
linearly along the path. The scaling starts from
some initial value and ends up at a final value
programmed with X and Z in G75. A G75, X, and Z
block with P, H, or E specifies the initial scaling.

A GT5, X, and Z block without a P, H, or E specifies
the final scaling.

For example:

G75 X.2 Z.2 # —- calls for .2 scaling to X and Z
moves in the profile applied
along the programmed path.

Gl X5. Y2. # -- the programmed path, scaling starts
from the inital value at the first

point in this path and ends with

the .2 factor fully applied.

G75 X3. Z3. # -- scaling to be applied along the
next motion block in the path.

The rules for G75 scaling are the same as those for
G72. If the profile contains scaling (G72), the
result will be the multiple of the G75 and G72
factors. If your profile contains G2 or G3 arcs, be
sure to scale both X and Z by the same amount.

determine whether to execute the profile at the
first point of the path

The control will normally execute a profile at
segment points along the path, and at the last point
of any motion block. A D word programmed in G75
tells the control to execute the profile at the

first point of a motion block that is before the

first move segment, as well as at the segment points
and last point.
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17.26
Cancelling G75

17.2.7
Example

G'75 is canceled with a G80 block, just as any other
autocycle. Program the G80 in a block by itself at the
point in the program where you no longer want the
profile performed. Autocycles canceled with a G80 can
be restored with a G89 {(See Section 17.10) or forced to
execute with a G29 (See Section 18.6).

The following example illustrates the use and
programming of the G75 cavity autocycle. See figure
17.1

Data Block Comment

sCAVITY PATH # -- names the program. This
program defines the path along
which the profile will be

applied.

Go9+# -- cancels any previous position
preset

GO0 XYZ # -- moves the axes to machine zero

at rapid (assumed somewhere in
the middle of machine travel
and at the desired start point
of the program)

G9l # —- establish incremental mode

G75 P2 # -- establishes cavity milling
autocycle. The program in
storage whose number is 2 is
considered to be the subprogram
that contains the moves of the
profile.

Initial scaling is 1.

G756 X.2 2.2 # -- calls for a 0.2 scaling factor
to be applied to the X and Z
moves in the profile. The
scaling is applied Tlinearly
along the programmed path.
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Data Block

Comnment

G3X3.Y-3.13.J0D40#

programs a counterclockwise 900
arc, the path. The value of D
determines the number of equal
segments along the path, in
this case 40. The profile is
executed at the end point of
each of these segments.

GBO # -- cancels G75

G90 # ~-- establish absolute mode

GO0 XYZ # -- rapid back to machine zero, the
start point of the path.

M2 # -- end of program

Data Block Comment

sPROFILE P2 #

G91 #

G423 #

GO0 X-2. #

Gl Z-2.5 X2. F20.#

X.5 F10.#

G2 X1.5 Z1.5 10 K1.5
F10. #

Z1. F35. #

GO0 X-2, #

names the subprogram that
contains the profile. This is
assumed to have a program
number of 2 in storage.
establishes incremental mode
cutter comp right is ZX plane
rapid move of X-2.

establishes linear
interpolation. A move of Z-2.5
and X2. at 20 ipm.

a move of X .5 at 10 ipm.
performs a c]ockwfse 900 arc
at 10 ipm.

a move of Z 1. at 35 ipm.
rapid move of X-2. This is

rapid return to the start point
of the profile.
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Data Block Comment

M2 # -- end of the profile subprogram.
cutter comp (G40) automatically
done by cavity

Figure 17.1 - Cavily Example

)

ey W~ — —

. Cavily Profile
~a—— Finish 3,-3

4"
Cavity Path
17.3 A G79 block specifies a subprogram or subroutine to
Programmable act as an autocycle. It is executed in response to
Autocycle - G79 rapid (G00) moves or blocks with the D parameter within
a program. The specific actions of the G79 autocycle
are determined by the codes used within the subprogram
or subroutine of the cycle.
17.3.1 Table 17.B describes the prompts that the control
Prompts gives for G79.
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Table 17.8

Prompt

Function

PROGRAMMED --- G79

SUBPROGRAM--(P)

SUBSTART NO.--(H)

SUBEND NO.-~(E)

"P" specifies the number of a program (1 to 250) in
storage. The program contains the blocks that perform
the autocycle action. If you don't specify P, you must
specify H and/or E.

"H" specifies the starting sequence number (N word) of
a subroutine.

"E" specifies the ending sequence number of a
subroutine.

17.3.2
Example

All the rules of programming subprogram and subroutine
calls apply to the G79 aufocycle. Nesting (up to 5) is
allowed. That is, the subprogram or subroutine called

by the G79 can in turn call another autocycle, even
another G79. See chapter 13.

The following example illustrates how to use the G79
autocycle. Also see figure 17.2.

In this example, the main program (;MAIN #) rapids from
machine zero to X-10. Y-4. Z-.5. This point is

established as program zero. The G79 autocycle is
programmed and a subprogram (;CYCLE # -- program number
2 in storage) contains the moves that will perform the
action of the autocycle at subsequent rapid positions

in the main program. The action of the subprogram
autocycle is to feed to depth, move to the perimeter of

a 0.25 inch circle and then return at rapid to the

start position of the cycle. This action is produced 4
times along the X axis (in the main program). The cycle
then is cancelled and the axes return to machine zero.
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Data Block Comment

sMAIN # -

G99 # --

G30 # -

GO0 X-10. Y-4. Z-.5 #

G92 X0 YO Z0 # -

G79 P2 # --

G91 X# -=

X-1. L4 # --

G80 # -—

G90 # -

G99 X0 YO Z0 # --

Mo2 # -

comment block specifying the
name of the main program

cancel any previous position
preset

establish absolute mode for all
axes

-- rapid to X-10. Y-4. Z-.5
from machine zero

establish position preset X0 YO
Z0 - program zero

programmable autocycle
performed after rapid moves in
the main program; action of the
cycle is contained in program 2
in storage

establish X axis as incremental
for the main program

rapid X-1. four times; the
autocycle will be performed
after each rapid move
cancel autocycle

establish absolute mode for all
axes

cancel position preset and
return at rapid to machine zero

end of program
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Data Block Comment

;CYCLE # -- comment block with program name
for program 2 in storage - the
subprogram used for the G79
autocycle

G91 # -- establish incremental mode for

GOl Z-.6 F5. #
Y.25#

G02 X0 YO I0 J-.25

GO0 Z.6 #
Y-.25 #

MO2 #

moves in the subprogram
feed to depth at 5 ipm

move to edge of circlie from
center

full circle center after
completing circle

rapid Z up from work

rapid to circle center, the
start point of the subprogram

end of subprogram

Figure 17.2 - G79 Example

2
START + — m

(P

.

LI

L2 L3 L4
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174 A G80 Block cancels a currently active autocycle.
Cancel Auiocycles Program this code when you do not want an autocycle
- G80 performed at the end of rapid moves, or blocks that

include the D word.

Autocycles are automatically cancelled at the end of
the program in which they are invoked.

When you cancel an autocycle, details of its action are
retained within the control so that it can be executed
in response to a G29 word (section 18.5), or restored
to active status with a G89 word (section 17.10).

17.5 A G81 block can be used for simple drilling operations.
Drill Autocycle The tool rapids to the R-plane, drills at feedrate to
- G81 depth, performs an optional dwell time, and rapids or

feeds up to the R-plane or initial tool position.

G81, and G82 all have the same words at their disposal
for programming in their blocks. They are provided as
separate codes in order to conform more closely to EIA
RS-274 specifications, but their specific actions can

be identical.

As with all autocycles, G81 is modal. It remains in
effect until canceled with a G890 data block, or
superceded by another autocycle, and is automatically
performed after subsequent rapid (G00) moves or moves
divided with the D word.

17.51 The following table describes the prompts that the
Prompts control gives for the G81 autocycle.
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Table 17.C
Prompt Function
DRILL----G81
DEPTH--Z "Z" is required for the GB1 autocycle. It programs the

DWELL SECONDS--(D)

RAPID PLANE--(R)

INFEEDRATE--(F)

RETRACT CODE--(P)

OUTFEED RATE--(V)

X PRE-MQVE--(X)

Y PRE-MOVE-~(Y)

Z coordinate of maximum infeed (negative Z movement)
when Z is absolute (G90). It programs the distance
below the R-piane when Z is incremental (G21).

"D" is optional. It specifies the dwell time amount in
seconds (0.01 to 99.99) at hole botiom.

"R" is optional. 1 specifies the Z position of the R-
plane. R is always an absolute Z axis position. The
metal cutting operation of the autocycle occurs from
the R-plane position to the depth specified with Z. All
autocycles rapid down for the position of the R-plane
from the initial tool position when the autocycle is
performed. It you do not specify R in the autocycie,
the control uses the current Z position.

"F" programs a feedrate for infeed from the R-plane to
depth. If not programmed, the last used F word is
assumed.

"P" programs the retract position of the tool between
executions of the autocycle. if P is not programmed,
or is programmed as zero, the tool retracts to the R-
plane during XY moves that invoke the cycle. If P is
programmed as non-zero {1 to 250), the tool retracts to
the position it had at the time the autocycle was
defined.

"V" programs the feedrate used for retract from total
depth. If V is not programmed, the control assumes
that retract should occur at the rapid rate.

"X" programs a move in X to be performed prior to the
first execution of the cycle. This move may be
absolute/incemental or rapid/feedrate. [f the mode is
rapid the autocycle will be performed immediately after
this move.

"Y" programs a move in Y to be performed prior to the
first execution of the cycle. This move may be
absolutefincemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately after
this move.
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Figure 17.3 - G81 Example

Absolute Incremental
G922 Z2.85 # G92 Z2.85 #
GI0# G917
G81Z-5R.1TPO# G81 Z-6RTPO¥
Z Initial
‘r '2‘ P#0Retract
z
. [~
/
A ]
%
R Plane + 2
Z0 * é‘ PO Retract
Rapid Feed
17.6 The G82 cycle is provided for counter-boring or
Counter-Bore drilling operations where a dwell is desired in the
Autocycle -- G82 workpiece. Its operation and programming are identical

to the G81 cycle described 1n section 17.5. The tool
rapids to the R-plane, drills at feedrate to depth,
performs an optional dwell time, and rapids or feeds up
to the R-plane or initial tool position.

G82 and G81 all have the same words at their disposal
for programming in their blocks. They are provided as
separate codes in order to conform more closely to EIA
RS-274 specifications, but their specific actions can

be identical.

As with all autocycles, G82 is modal. It remains in
effect until canceled with a G80 data block, or

- superceded by another autocycle, and is automatically
performed after subsequent rapid (G00) moves or moves
divided with the D word.

17.61 The following table describes the prompts that the
Prompts control gives for the G82 autocycle.
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Table 17.D

Prompt

Function

COUNTER BORE----G82

DEPTH--Z

DWELL SECONDS--(D)

RAPID PLANE--(R)

INFEEDRATE--(F)

RETRACT CODE--(P)

OUTFEED RATE--(V)

X PRE-MOVE--(X)

Y PRE-MOVE--(Y)

"Z" is required for the G82 autocycle. It programs the
Z coordinate of maximum infeed (negative Z movement)
when Z is absolute (G90). It programs the distance
beiow the R-plane when Z is incremental {G91).

"D" is optional. It specifies the dwell time amount in
seconds {0.01 to 99.99) at hole bottom.

"R" is optional. It specifies the £ position of the R-
plane. R is always an absolute Z axis position. The
metal cutting operation of the autocycle occurs from
the R-plane position to the depth specified with Z. All
autocycles rapid down for the position of the R-plane
from the initial tool position when the autocycle is
performed. If you do not specify R in the autocycle,
the control uses the current Z position.

"F" programs a feedrate for infeed from the R-plane to
depth. if not programmed, the last used F word is
assumed.

"P" programs the retract position of the tool between
executions of the autocycle. If P is not programmed,
or is programmed as zero, the tool retracts to the R-
plane during XY moves that invoke the cycle. If Pis
programmed as non-zero (1 to 250), the tool retracts to
the position it had at the time the autocycle was
defined.

"V" programs the feedrate used for retract from total
depth. If Vis not programmed, the control assumes
that retract should occur at the rapid rate.

"X" programs a move in X to be performed pricr to the
first execution of the cycle. This move may be
absolute/incemental or rapidffeedrate. If the mode is
rapid the autocycle will be performed immediately after
this move.

"Y" programs a move in Y to be performed prior to the

first execution of the cycle. This move may be
absolutedincemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately after
this move.
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Absoclute

G92 2.85 #
Gao#
G82Z-.1R1D5PO¥

Z INITIAL

R PLANE j l

RAPID FEED Z0

17.7
Peck Drilling
Autocycle - G83

Figure 17.4 - G82 Example

Incremental

G92 Z2.85 #
Got1 #
G882 Z-2R1D5PO#

'lll —

D=.5 SEC

}

A G83 block performs a drilling operation that

includes a retract move or dwell for chip breaking or
chip removal. You may specify a dwell and/or a Z
positive incremental movement as the chip break action
after each peck.

When full retraction is programmed tor chip break, the
tool may retract, depending on programming:

e after each peck

e at successive programmed depths

e or only at the end of the cycle

When a dwell is programmed for chip break, the

aufocycle may be programmed to perform an optional
retract to the R-plane after each dwell.
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17.71
Prompts

The G83 autocycle rapids to the R-plane from which the
peck and chip break action occurs until total depth is
reached. The tool retracts at rapid either to the R-
plane or initial tool position prior to the next

execution of the cycle.

As with all autocycles, G83 is modal. It remains in
effect until canceled with a G80 data block, or
superceded by another autocycle, and is automatically
performed after subsequent rapid (G00O) moves or moves
divided with the D word.

The following table describes the prompts that the
control gives for G83.

Table 17.E

Prompt

Function

PECK DRILL----GB3

DEPTH--Z

DWELL SECONDS--(D)

RAPID PLANE--(R)

INFEEDRATE--(F)

"Z" is required for the G83 autocycie. It programs
the Z coordinate of maximum infeed (negative £
movement) when £ is absolute {(G90). it programs the
distance below the R-plane when Z is incrementai
(G91).

"D" programs a dwell time in seconds (0.01 to 99.99)
that occurs after each infeed increment. if D is not
programmed, there will be no dwell. If D is programmed
and W is missing from the cycle, the control assumes a
value for W = 0.1 in. (1.0 mm).

"R" is optional. It specifies the Z position of the R-
plane. R is always an absolute Z axis position. The
metal cutting operation of the autocycle oceurs from
the R-plane position to the depth specified with Z.
All autocycles rapid down for the position of the R-
plane from the initial tool position while the
autocycle is performed. If you do not specify R in
the autocycle, the control uses the current Z
position.

"F" programs a feedrate for infeed from the R-plane
todepth. ¥ not programmed, the last used F word is
assumed. . -

[
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INITAL PECK--I

DELTA Z PECK--(J)

MIN Z PECK--(K)

CHIP BREAK--(W)

Table 17.E (continued)

"I" is required in the G83 cycie. It programs the
magnitude of the first peck that occurs below the R-
plane. This value is always treated as an incremental
Z negative movement regardless of the mode (G90 or
G91) in effect or the sign of the entry. if J and K

are not programmed, | is the constant peck value used
in the cycle.

"J" specifies the incremental distance to subtract
from the last peck to form the next peck distance.
For example, starting with the initial | value peck,

the peck distances will be:

I -J = 2nd peck distance

2nd peck - J = 3rd peck distance

and so on until the minimum peck value, K, is obtained.
If J and K are not programmed, the peck distance is
constantly the | value.

"K" specifies the minimum peck distance. The K value
is used when:

last peck-J <__ K

The K value remains in effect after this point until
total depth is reached. If K and J are not
programmed, the peck distance is constantly the |
value.

"W" specifies a chip break retract increment. This

isan incremental Z positive movement that occurs at
rapid after the tool has made each peck, allowing chip
removal to occur. If Wis not programmed, and U is
not programmed the control assumes W to be 0.1 in. or
1.0 mm depending on the current program dimensions.
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Table 17.E (continued)

Z W/O RETR--(U) "U" programs the magnitude of depth between rapid
retracts to the R-plane. This value is always
considered an incremental Z negative distance
regardless of the mode (G90 or G91) in effect. Each
time the current "depth of cut without retract” is
eqgual to or greater than the U value, a rapid retract
to the R-plane is performed. If U is not programmed,
or is less than |, the tool will retract to the R-
plane after each peck. If U is greater than Z minus
R, there will be no retract to the R-plane until final
depth is reached.

RETRACT CODE--(P) - "P" programs the retract position of the tool between
executions of the autocycle. If P is not programmed,
or is prograrnmed as zero, the tool retracts to the R-
plane during XY moves that invoke the cycle. li P is
programmed as non-zero (1 to 250), the tool retracts
to the position it had at the time the autocycle was
defined.

X PRE-MOVE--(X) "X" programs a move in X to be performed prior to the
first execution of the cycle. This move may be
absolute/incemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately
after this move.

Y PRE-MOVE--(Y) "Y" programs a move in Y to be performed prior to the
first execution of the cycle. This move may be
absolute/incemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately
after this move.

17.7.2 The following figures give examples for programming
Examples various features of the G83 autocycle.
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G92 Z21.1#
(G83 Z2-2. R.1 F10.
L6 W.TU3 PO#

Figure 17.5 G83 - Example With Chip Breaker only

Incremental NOTE: U > Z-R, retract at
----------- final depth only.
Gg2 Z1.1 #
(G83 Z-2.1 R.1 F10.
16 W.1 U3 PO #

Z Initial
) #
1. A E
T 20 ‘
D ] =
l=.
2.1 6 i ——
L‘:.‘:.: Rapid Feed
l’ W= ¥
Figure 17.6 - G83 Example with Dwell and Relract only
Absolute Incremental NOTE U not programmed --
_ —_— retract to R-plane each
G92 Z21.1 # G2 Z1.1 # peck. P =/0 -- refract to
G83 2-2. R.1 F10. G83 2-2.1 R.1 F10. Z initial at end of cycle.
16 D1. P1 # 16 D1. P1 #
Z tnitial
* ; -Z‘h
1. A ’ 7
[ 2
At | a g
AZ0 T - -
¥ = = z
- —— ] e | S H A
16 D s A
H z
2.1 =] = %
D - ;
1 =lf

Important: After retract, the tool rapids back to
depth less the default value of W, This situation is
not depicted in the figure, above.
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Figure 17.7 - G83 Example with Dwell, Chipbreak, and Z
W/O Retract
Absolute Incremental NOTE: Use of J, Kand U;
e no Wretract - U =/0,0 =/0
G92 Z1.1 # G92 Z1.1 #
G83 7-2. R.1 F10. G83 Z-2.1 R.1 F10.
L6 J2 K2 U1.2 16 J2 K2U12
D1, PO# D1. PO#
Z Initial
|1
|
1
2
o+ D
= -
A = z
mE: ¢
o g
I ot 7 = S £
——m | ———— . N E -
|1
D
17.8 A G84 block lets you tap right hand (RH) threaded
Tap Autocycle holes and is intended for RH threaded holes only. You
-- G84 should create your own tapping routine and define it

with a G79 block if you desire left hand (LH) threads.

CAUTION: To avoid damage to the tap, the workpiece, or
the machine, use a floating tap holder for performing
any tapping operations.

The G84 autocycle turns the spindle on CW at the start
of the cycle (if interfaced via PAL). The operation
rapids to the R-plane and feeds to depth. When the
final depth is reached, the spindle is turned off then
reverses (CCW) automatically. An optional dwell takes
place and finally tool feeds back up to retract

position.
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Important: For safety reasons, the control does not
allow you to adjust the feedrate and spindle speed
override switches during the G84 autocycle. They
assume a default value of 100% during G84 execution.
Because of this, make sure that programmed feedrates
and spindle speed values are correct.

Important: if you use the yellow [BLK/BLK] button for
single cycle execution with G84, the control executes

the entire cycle as if it were one block, without

breaking it into move segments. Also, the [CYCLE STOP]
button is functionally disabled during a G84 cycle.

As with all autocycles, G84 is modal. It remains in
effect until canceled with a G80 data block, or
superceded by another autocycle, and is automatically
performed after subsequent rapid (G00) moves or moves
divided with the D word.

17.8.1 The table below describes the prompts that the control
Prompts gives for G84.
Table 17.F
Prompt Function
TAP--G84
DEPTH--Z "Z" is required for the G84 autocycle. It programs

DWELL SECONDS--(D)

RAPID PLANE--(R)

the Z coordinate of maximum infeed (negative Z
movement) when Z is absolute {G90). It programs the
distance below the R-plane when Z is incremental
(G91).

"D" is optional. It specifiaes the dwell time amount
in seconds {0.01 to 99.99) at hole bottom after the
spind!e reverses direction and before retract occurs.

"R" is optional. it specifies the Z position of the R-
plane. R is always an absolute Z axis position. The
metal cutting operation of the autocycle occurs from
the R-plane position to the depth specified with Z.
All autocycles rapid down for the position of the R-
plane from the initial tool position when the
autocycle is performed. If you do not specify R in
the autocycle, the control uses the current Z
position.
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INFEEDRATE--(F)

RETRACT CODE--(P)

X PRE-MOVE--(X)

Y PRE-MOVE--(Y)

Tabfe 17.F (continued)

"F" programs a feedrate for infeed from the R-plane to
depth and outfeed from depth to retract position. The
F word should be programmed such that:

F = RPM x Lead of tap
It not programmed, the fast used F word is assumed.

"P" programs the retract position of the tool between
executions ol the autocycle. If P is not programmed,
or is programmed as zero, the tool retracts to the R-
plane during XY moves that invoke the cycle. if P is
programmed as non-zero (1 to 250), the toal retracts
to the position it had at the time the autocycle was
defined.

"X" programs a move in X to be performed prior to the
first execution of the cycle. This move may be
absolute/incemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately
after this move.

"Y" programs a move in Y to be performed prior to the
first execution of the cycle. This move may be
absolute/incemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately
after this move.
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17.8.2 _ Figure 17.8 gives an example of G84 programming.
Example

Figure 17.8 - GB4 Example

Absolule Incremental Note: RPM = 200,
LEAD = 1/18,
G892 Z85 # GY2 285 # F=200X1/16 =125
G884 Z-5R1Fi125 PO # G84 Z-.6 R1 F12.5 PO # PM
Z Initial
75" !
R Plane X Feed Rapid
Z0 )
5"
l -s— Spindle Reverse
17.9 The G85 autocycle performs boring operations. The
Bore Autocycle cycle rapids to the R-plane, feeds to depth, dwells
- G85 and then feeds up to the retract position.
As with all autocycles, G85 is modal. It remains in
effect until canceled with a G80 data block, or
superceded by another autocycle, and is automatically
performed after subsequent rapid (G0OO) moves or moves
divided with the D word.
17.9.1 The table below decribes the prompts that the control

Prompts gives for G85.
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Table 17.G:
Prompt Function
BORE--G85
DEPTH--Z "Z" is required for the G85 autocycle. It programs

DWELL SECONDS--(D)

RAPID PLANE--(R)

INFEEDRATE--(F)

RETRACT CODE--(P)

OUTFEED RATE--(V)

X PRE-MOVE--(X)

Y PRE-MOVE-~(Y)

the Z coordinate of maximum infeed (negative Z
movement) when Z is absolute (G90). it programs the
distance below the R-plane when Z is incremental
(G91).

"D" is optional. !t specifies the dwell time amount
in seconds (0.01 to 99.99) at hole bottom.

"R" is optional. It specifies the Z position of the R-
plane. R is aiways an absolute Z axis position. The
metal cutting operation of the autocycle occurs from
the R-plane position to the depth specified with Z.
All autocycles rapid down for the position of the R-
plane from the initial tool position when the
autocycle is performed. If you do not specify R in
the autocycle, the control uses the current Z
position.

"F" programs a feedrate for infeed from the R-plane to
depth. If not programmed, the last used F word is
assumed.

"P" programs the retract position of the tool between
executions of the autocycle. If P is not programmed,
or is programmed as zero, the tool refracts to the R-
plane during XY moves that invoke the cycle. If P is
prograrmmed as non-zero (1 to 250), the tool retracts
to the position it had at the time the autocycle was
defined.

"V" programs the feedrate used for retract from total
depth. If V is not programmed, the control assumes
that retract should occur at current F value.

X" programs a move in X to be performed prior to the
first execution of the cycle. This move may be
absoclutefincemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately
after this move.

"Y" programs & move in Y to be performed prior to the o

first execution of the cycle. This move may be
absolutefincemental or rapid/feedrate. If the mode is
rapid the autocycle will be performed immediately
after this move.
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17.9.2 Figure 17.9 gives an example of G85 programming.
Example
Figure 17.9 - GB5 Example

Absolule Incremental
G92 7285 # G922 Z.85 #
G85 Z-.6 R.1 F5. G85 Z2-.7 R.1 F5.
Vi5. D.5 PO # Vib,. D.5 PO #
Z Initial

:

Rapid F-Feed V-Feed

D= .5Sec
17.10 A G89 block re-enables or restores the last autocycle,
Restore Last cancelled with a G80 code, to active status within a
Cancelled Autocycle program. The autocycle may have been cancelled to
- 389 suspend the autocycle from acting upon certain rapid XY

movements to move around obstructions such as clamps.
Program a G89 as the only word within a block by
itself. Using G89 can save the programming time
required to re-enter a cancelled autocycle.

17.11 This chapter discussed the programming and operation

Chapter Summary of the Autocycle series of G word data blocks, which
perform repetative machining operations at a series of
locations.

The next chapter covers the G word data blocks in the
Autoroutine group. This group simplifies the
programming of complex movements that perform common

e machining operations, such as pocket milling.or bolt
patterns.



e
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Chapter 18 - Autoroutines

18.0 This chapter covers the Autoroutine group of G word

Chapter Overview data blocks. Autoroutines are G words that program
complex machine movements with single data blocks.
After reading this chapter, you will know how to
program:

o G22 and G23 -- plane selectable helix moves in
clockwise or counterclockwise directions. See
section 18.1.

o (24 -- bolt circle patterns. See section 18.2.

o (25 -- step-and-repeat patterns. See section 18.3.

o G26 and G27 -- pocket and post milling routines.
See section 18.4.

e G29 -- execution of the last active autocycle. See
section 18.5.

18.1 To make a helix, the control feeds two axes in an
Helical arc, and the third axis in a straight line. You
Interpolation can program a helical move with:

G22 and G23

o G22 for a clockwise helix move
e G23 for a counterclockwise helix move

Cutter radius compensation is not allowed during a
helix move. You must make sure that cutter radius
compensation is cancelled with a G40 prior to executing
a G22 or G23 helix move.

18.1.1 The following table shows the prompts that the control

Prompts gives for G22 - Clockwise Helical Interpolation. The
prompts are identical for G23 - Counterclockwise
Helical Interpolation.
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Table 18.A

Prompt

Function

HELICAL CW----G22

X CTR OR/REV—(l)

Y CTR OR/REV--(J}

Z CTR OR/REV--(K)

X END POINT--(X)

Y END POINT--(Y)

Z END POINT-(2)

"I" programs the X axis arc center for G17 and G18
planes. It programs the linear move per rev when the
plane is G19.

"J" programs the Y axis arc center for G17 and G19
planes. it programs the linear move per rev when the
plane is G18.

"K" programs the Z axis arc center for G18 and G19
planes. it programs the linear move per rev when the
plane is G17.

"X" programs the total linear move for the block when
the plane is G19.

"Y" programs the total linear move for the block when
the plane is G18.

"Z" programs the total linear move for the block when
the plane is G17.

18.1.2
Helix Programming

To produce the helix, the control needs to know:

plane of the arc

Before you program the helix block, program a block

that calls out the plane of the arc move. Use:

- G17 for a XY plane arc move
- G18 for a XZ plane arc move

- G19 for a YZ plane arc move

Note that your helix moves are plane selectable.

Your helix block must have a format that is correct

for the plane you choose, or you'll get an error,

"IMPROPER CIRCLE AXIS," when you run the program.
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e direction of the arc
In the helix block, program:
- G22 for clockwise movement in the selected plane

- G23 for counterclockwise movement in the selected
plane

e center of the arc move

In the helix block, program the center of the arc
with:

-Iand J for a XY plane (G17) arc
-1 and K for a XZ plane {(G18) arc
- J and K for a YZ plane (G19) arc
Remember that the values for circle center are
referenced to Program Zero in absolute (G90) mode,
or to the present location of the axes in
incremental (G91) mode.

e the linear move per full revolution of the arc
In the helix block, program the move the linear axis
(the one not in the arc plane) makes for each
complete revolution of the arc axes. Program this
value for a full circle even if the you won't make a
full revolution with the helix block. Use these
addresses:
- K for a XY plane (G17) arc
- J for a XZ plane (G18) arc
-Ifor a YZ plane (G19) arc

The value you program is always an increment. It
needs no sign.
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e the total length of the linear move for the block

In the helix block, program the move the linear axis
is to make for the block with:

- Z for a XY plane (G17) arc

- Y for a XZ plane (G18) arc

- X for a YZ plane (G19) arc

You can program the total linear move in absolute

(G90) mode, or incremental (G91) mode. Be sure the

distance and direction is correct for either case.
The arc move stops when the total linear move for the
block is reached. This means that the arc axes could
stop at any point in their revolution. The revolutions

of the arc axes in the block are determined by:

move per rev

= revolutions of the arc axes
total Tinear move in the block

Because of this, we recommend that you use absolute
(G90) mode for axis moves to precise positions after
the helix block.

The following table summarizes what you need to know to
program a helix:

Table 18.B
If the circle program the:
plane is: move per {otal line
center with: rev with: move with:
XY (G17) T and J K Z
XZ (G18) T and K J Y
YZ (GI8) J and K I X
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18.1.3
Examples

Figure 18.1 shows a G22 clockwise helix produced in
absolute mode and the XY arc plane. Note that the top
of the part was set to Z.25 with a G92 block.

Figure 18.1 - Helical Inlerpolation-Absolute

G90 #

GOT1 X0. Y2. F10. #
G22 /1. J2. Z-1. K25 #
X1. vz

X+
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Ga0 ¥

GO0 X0 Y1.5
Gor1Z222¥#

Go1 #

G002 X0 Y0 19 J-1.5
G2210 J-1.5K5225 %

Figure 18.2 shows a G22 clockwise helix produced in
incremental, and with the XY plane.

Figure 18.2 - Helical Interpolation-incremental

G220 J1.375 K5 2.25 # X0
G22 10 J-1.25 K.5 2.25 # Yl.5 START
G22 10 J1.125 K5 Z.25 #
G22 10 J-1. K5 Z25 # I.5R
G22 10 JB75 K5 Z.25 #
G22 I J-.75 K.5 2.25 #
G2210 J625 K5 Z.25 #
GO2 X0 YO I0 J-5 # END
Mo2 #
END
Z0 — )
\ i K.
Z-2. —— 2.25
START B
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G18 XZ Plane
Sample Program

The following example programs illustrate helical moves

with other planes.

Data Block Comment

G99 # -- cancel position preset
(establish machine zero
reference).

G90 # -- establish absolute positioning.

GO0 X-10. Y-4. Z-1.#

G92 X0 YO Z0 #

G18 #

G22 10 K-.5 J.25 Y-1.

GO0 X0 YO Z0 #

MO2 #

rapid to start of helix
referenced to machine zero.

establish preset position
(program zero).

establish XZ circular
interpolation plane.

make a clockwise helix move
with the XZ circle plane, .5
inch radius, .25 inch per rev
and move to Y-1. (4
revolutions).

rapid back to start of helix
(at program zero).

end of program.
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G19 YZ Plane
Sample Program

Data Block Comment

G99 # -- cancel preset (establish
machine zero).

G90 # ~- establish absolute positioning.

GO0 X-10. Y-4. Z-1.#

G92 X0 YO Z0 #
G19 #

G22 JO K-.5 [2. X1.#

GO0 X0 YO Z0 #

MO2 #

rapid to start of helix from
machine zero.

establish program zero.

establish YZ circular
interpolation plane.

make a clockwise helix move
with the YZ circle plane, .5
inch radius, 2 inches per rev
and move to X1. (one-half
revolution).

rapid back to start of helix
(at program zero).

end of program.

18.2
Boit Hole - G24

The G24 bolt hole autoroutine lets you automatically
execute an autocycle (G72-G85), subprogram (P), or
subroutine (P, H, E) at up to 255 equally spaced points

in a circular pattern.

Moves between points in the pattern are made at rapid
traverse. The control performs the autocycle,
subprogram, or subroutine at a point, and then performs
a move to the next point. When the pattern is

complete, the position is the last point in the

pattern.
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18.21 The following table describes the prompts the control
Prompts gives for G24.

Table 18.C G24 Prompis

Prompt Function

BOLT HOLE----G24

X CIR CENTER--(l) "I" defines the X center of the circle in absolute or
incremental. If not programmed, the current X position
is assumed to be the X center coordinate of the
circle.

Y CIR CENTER--{J) "J" defines the Y center of the circle in absolute or
incremental. if not programmed, the current Y position
is assurmned to be the Y center coordinate of the -
circle.

X START POS--(X) "X" defines the start position on the circle in
absolute or incrermental. If not prograrnmed, the
current X position is assumed to be the X start
coordinate.

Y START POS--(Y) "Y" defines the start position on the circle in
absolute or incremental. If not programmed, the
current ¥ position is assumed to be the Y start

coordinate.
CIR RADIUS--(R) "R" defines the radius of the circle.
STRT REF ANGL--(C) "G" defines the angle of the start position on the

circle. It is measured from the positive X axis in
absolute or frorn the initial tool position in
incrementat.

ANGLE 1--(A) "A" defines the angle in degrees from the start
position on the circle to the first execution point.
If you do not program A, the start position is assumed
to be the first execution point. Note that in
contrast to polar programming, the veriex for A is the
center of the circle, not the current location.
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HOLES/CIRCLE--(W)

HOLES DRIL'D--(L)

ANGLE/HOLE--(B)

SUBPROGRAM--(P)

SUB START NO--(H)

SUB END NO--(E)

Table 18.C (continued)

"W" specifies the total number of points in the
complete circie and the clockwise (-W) or
counterclockwise (W) direction to points. The maximum
number is -255 clockwise and 254 couterclockwise.

W or B must be programmed if L is greater than 1.
When W is programmed, the point spacing is 3600/W. If
you do not program a W, the B value is used for point
spacing.

"L" specifies the actual number of points at which the
autocycle, subroutine or subprogram will be performed.
The maximum value for L is 255 and it can be less than
the total number of points defined with W or B.

"B" defines the angle between successive execution
points around the circle. Program a B- to move to
points clockwise, otherwise moves are
counterciockwise. You must program a B or Wif L is
greater than 1. If B is not programmed, W is used to
determine point spacing.

"P" specifies the number of a subprogram to be
performed at the points of execution around the
circle. If you do not pregram P, the currently active
autocycle, or subroutine (HE) is assumed. If the
subprogram or subroutine includes rapid moves, or
moves with the D parameter, and an autocycle is
active, the autocycle will be performed at the rapid
points, or the D points in the subprogram, or
subroutine.

"H" specifies the starting sequence number of a
subroutine.

"E" specifies the ending sequence number of a
subroutine.
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18.2.2 You can use a combination of IJ, XY, or RC to specify:
Defining the Circle
Center and Start o center of the circular pattern

e start position on the circle

I and J define the center of the circle with absolute
coordinates or incremental dimensions. If you don’t
program I and J, the control will assume the current
position to be the center (unless R and C specify the
center when used with X and Y defining the start).

X and Y define the start position of the circle with
absolute coordinates or incremental dimensions. If you
don’t program X and Y, the control will assume the
current position to be the start position (unless R and
C specify start position versus the center).

R and C define the radius (R) of the circle and the
angle (C) to the start position. These can also be
absolute or incremental. You can program the RC
combination by itself, with IJ, or with XY. The
control does not allow the RC, IJ, and XY combination.

18.2.3 You can program the center and start position with the
Valid Combinations following combinations:
for Start and Center

o IJ

Defines the center at position IJ with the current
position as the start position on the circle.

o XY

Defines the current position as the center. A move
will be made to XY, the start position on the
circle.

¢ RC
Defines the current position as the center. A move
defined by RC (radius R at angle C) will be made to

the start position on the circle.

s IJXY

. The center is at IJ, the start position is at XY.
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e IJRC
The center is at IJ, the start position is defined
by radius R at angle C.

e XY RC
The start position is defined by XY. R specifies
the radius of the circle. C specifies the angle
from the center to the start position. RC defines
the center in this case.

18.24 You can define the number of points on the circle,

Defining the Points
on the Circle

Number of Points to
Execute the Cycle

Number and Spacing
of Points

Using W

how they are spaced, and the direction of movement
(clockwise or counterclockwise) between these points.

The L word defines the number of points you want to
execute on the circle. It can be from 1 to 255. If

you don’t program L, the control assumes there is only
1 execution point. Note that L can he less than the
total number of points on the circle, as defined by W
or B.

W or B is used to define the spacing of points on the
circle. W and B cannot be used in the same block. W
or B must be programmed if L is greater than 1
execution point,

W can be programmed from -255 to 254. The spacing of
points i1s determined by:

3600
—— = angle in degrees between points
W

When W is negative, moves to execution points are made
in a clockwise direction. A positive W means the
movement between points is counterclockwise.

Note that W programs the total number of points on the
circle. The number of execution points, programmed
with L, may be less.



Chapter 18 Autoroutines 18-13

Using B

18.25
Defining the Angle
to the First Point

18.26
Defining the Cycle

18.27
Examples

B defines the angle between execution points on the
circle. Its word format is +3.3.

If B is negative, movement between execution points is
clockwise. If B is positive, movement is
counterclockwise.

Note that movement occurs B? for each L execution
point. This continues until every L point has been
performed, and this can result in moving around the
circle more than 1 time.

The A word defines the angle to the first execution

point from the circle’s start position. Its word

format is +3.3. Note that angle A is measured from the
center of the circle.

If A is negative, movement to the first execution point
is clockwise. If A is positive, movement is
counterclockwise,

If A is not programmed, the control assumes the start
position on the circle to be the first execution point.

The cycle you use at execution points on the circle
can be an autocycle, subprogram or subroutine.

If you plan to use an autocycle, program it in a block
that comes before the G24 block.

If you plan to use a subprogram or subroutine, program
this in the G24 block with a valid combination of the
P, H and E words, or use a G72 autocycle,

If an autocycle is active, and the subprogram or
subroutine includes rapid moves, or moves with D, the
autocycle will be performed at the rapid or D points.

Important: Using block divide, D, provides an
alternate method for defining a bolt circle rather than
using G24.

Figure 18.3 graphically shows the use of words in the
G24 block. Figure 18.4 shows two examples of G24
programming that produce the same result.
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Figure 18.3 - G24 Paramelers

0 INITIAL TooL POSITION UPPER CASE = ABSOLUTE (G90)
+ CENTER LOWER CASE = INCREMENTAL (GOl
~$- START REFERENCE

® EXECUTION

~ L2 N ey
‘pt. 3 / N
/ / \ FIRST POINT
/ \
/ / pt. I-‘
) CENTER —
W6 = B6O. [ Iy [/ —— \
L6 = FULL CIRCLE | T N / !
\ DN
\pi. 4 \x / A%+
\ X,Y / START REFERENCE
\ o \*\‘?‘/T
N VLS o
~
~ o5 "’< // 1
l\“‘*\- INITIAL TOOL POSITION
— | X
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Method 1

G92 2.1 #

G90 #

G81 Z-6 R.1#

G24 10 JO X0 Y1.5
L5 W5 #

Gao #

Figure 18.4 - G24 Example
Method 2

G92 Z.1#

G0 #

G81 Z-6 R.1 #

G24 X0 Y1.5 R1.5 C80.
L5 W5 #

G80 #

Method 3 (using D)

Go2 Z.1#
Gao #

G81 Z-6 R.1#
G310 JO D5 #
G8o #

(hole at start done last)

5 Holes Equally
Spaced on 3"
Dia. Bolt Circle
1/2” Dia. Thru

-270° | YO
\__

X+

i | mlin
(=]

=~y =]

|
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18.3
Step-and-Repeat
G25

18.3.1
Prompts

A G25 block lets you program a rectangular or square
pattern of points. You can have the control
automatically perform a subprogram (P), subroutine (H,
E), and/or autocycle (G79-G85) at the points.

You can specify the spacing and number of points along
the X and Y axes of the pattern. Moves between points
can be made at rapid traverse, at a feedrate
independent of the current F value, or the current F
value. If moves between points are made at feedrate,
the currently active autocycle is not performed (unless
a specified subprogram contains rapid moves).

At completion of the G25 pattern, the control treats
subsequent moves as originating from the start point of
the pattern although actual position will be the last
point in the pattern. This saves time when returning
to the start point.

The following table describes the prompts that the
control gives for G25.

Table 18.D G25 Prompls

Prompt

Function

STEP/REPEAT--G25

X INCREMENT--X

Y INCREMENT--Y

NO. OF X PTS--I

NO. OF Y PTS--J

"X" specifies the the X incremental distance and
direction between points of the rectangular pattern.
This is always treated as an incremental direction and
distance regardless of the mode {G90 or G81) in
effect.

"Y" specifies the Y incremental distance and direction
between points of the rectangular pattern.

This is always treated as an incrementat direction and
distance regardless of the mode (G90 or G91} in
effect.

"I" defines the number of points along the X axis of
the rectangular pattern. The sign of this entry is
ignored by the control.

"J" specifies the number of points along the Y axis of
the rectangular pattern. The sqign of this entry is
ignored by the control.
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Table 18.D G25 Prompts continued

FEEDRATE-~(F) YF" specifies the feedrate of moves between points in
the rectangular pattern. This feedrate can be
different than the current GOl feedrate, and will not
affect the GOl feedrate. If F is not programmed, the
feedrate defaults to rapid (G0O0) mode. If FO is
programmed, the current modal feedrate is used.

SUBPROGRAM-- (P) Up" specifies the number of a subprogram (1 to 255) in
the control's memory.

SUB START NO--(H) "H" specifies the starting number of a subroutine.

SUB END NO--(E) "E" specifies the ending number of a subroutine.
18.3.2 Figures 18.5 and 18.6 give examples of G25
Examples programming,

Figure 18.5 - G25 Example 1

G890 #

G2 Z1. ¥

G81 Z-.6 R.1 F10. PO #
G25 X1. Y-5 16 J4 #
G80 #

M2 #

| e

C??.“’O‘“@‘*‘@“@“‘GR e

TO--G--O-0-—-0---9
OO ==~ O = Qs

O Y SO S S R

—n -
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Figure 18.6 - G25 Example 2

;MAIN PROG # ;SUBPROG,P2#
G990 # Gt #

G92 Z1. GO0 X0 YO #
G81 Z-6 R.1 F10. PO ¥ X25Y.25#
G25 X1. Y1. I5 J2 P2 X25Y-25#
Gao # M2 #

M2#

pt. 30 {position treated as pt. 1)

25‘25

@@ O-co-0-ah
T \

1.

lca@‘@o@ -oFo- -

pi. !
18.4 A G26 block automatically roughs out and finishes a
Pocket Milling specified rectangular or circular pocket on both the
G26 sides and the floor. For rectangular pockets, you can

specify a radius for corners in the pocket, using an R
word, that is larger than the radius of the tool used
to make the pocket. You can also use the G26
autoroutine o enlarge existing pockets.

The G26 autoroutine supports an incremental or absolute
definition of pocket dimensions, climb milling or

normal milling control for both the roughing and
finishing passes, with optionally programmed feedrates
for plunge (V), rough (F), and ﬁnish (H).
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The control assumes that the cutter is rotating
clockwise and that you are using the coordinate system
shown in figure 18.7 when it defines climb and normal
milling.

The last move on a G26 cycle is a tangential pullout
move, A’Q parameter has been added to limit the size
of the pullout move.

On completion of the finish pass of a pocket, the
control will continue around the corner to the next
side and then to the center of that side. When the
control reaches the center, it will swing a 90 degree
arc away from the surface of the pocket. The radius of
the arc will be 7/8 of the distance from the center of
the pocket to the nearest cutter path of the finish
pass. If a’Q parameter is entered, the pullout
radius will not be greater than the 'Q’ entry. Note:
The cutter moves on the cutter path. The control will
then retract the Z axis and return to the position it
was in when the G26 began executing.

Figure 18.7 - Climb vs. Normal Milling Assumplions

Cutler is CW viewed in Normal Milling Climb Milling
Z- direclion
— g —
Ccw
Cutter Rotation Direction of Cutter Direction of Cutter

X+ / X+ X+

z+ z+ Z+

Z- is into page

The G26 autoroutine also lets you specify separate X/Y,
and Z rough and finish thicknesses.

The G26 autoroutine automatically activates the cutter
radius compensation mode.

18.4.1 The following table describes the prompts that the
Prompts control gives for G26.
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Table 18.E

Prompt

Function

POCKET MILLING—G26

LENGTH-=------ {X)

WIDTH--eenem %

DEPTH-------—- (2)

X FINISH CUT--{l}

Y FINISH CUT--(J)

Z FINISH CUT--(K)

EXIT RADIUS--(Q)

"X" programs the X axis position of the opposite
corner of the pocket. When X is absolute, this is the
X coordinate of the opposite corner measured from
program zero. When X is incremental, it gives the
distance and direction from the current position of
the cutter to the opposite corner. if X and Y are not
programmed, or are 0, a circular pocket is specified
with radius R.

"Y" programs the Y axis position of the opposite
corner of the pocket. When Y is absolute, this is the
Y coordinate of the. opposite corner measurad from
program zero. When Y is incremental, it gives the
distance and direction from the current position of
the cutter to the opposite corner. If X and Y are not
programmed, or are 0, a circular pocket is specified
with radius R.

"Z" specifies the position of the bottom of the
pocket. When Z is absolute, it programs the Z
coordinate of the bottom of the pocket. When Z is
incremental, it programs the distance and direction
from the clearance plane (position of Z when the
autoroutine is defined) to the bottom of the pocket.

"I" specifies the thickness of the finish cut along

the X axis. This is always an incremental entry and

its sign is ignored by the control. If | is greater

than the cutter diameter, then a "CUT TQO LARGE" error
is generated.

"J" specifies the thickness of the finish cut along

the Y axis. This is always an incremental entry and

its sign is ignored by the control. If J is greater

than the cutter diameter, then a "CUT TOO LARGE" error
is generated.

"K" specifies the thickness of the finish cut for the
Z axis at the bottom of the pocket.

"Q" specities the radius of the 90 degree exit arc.
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Z ROUGH CUT---(U}

NO. OF Z CUTS-(L)

XY ROUGH CUT--(W)

NO OF XY CUTS-(D)

ROUGH RATE--(F)

Table 18.F (conlinued)

"U" defines the thickness of the rough cut for the Z
axis. U is always an incremental entry whose sign is
ignored. If U is not programmed, the control uses the
L word to determine the rough cut thickness.

"L" specifies the number of rough cuts to make along
the Z axis. L is always a whole number entry whose
sign is ignored. If U is not progammed, the rough cut

thickness is:
Zejearance " £ - K
absolute:
L
Z-K
incremental;
L

If L is not programmed, the U word is used to
determine the rough cut in Z.

"W" specifies the thickness of the rough cut for moves
in the X and Y axes. This is always an incremental
entry, and its sign is ignored by the control. I W

is not programmed, the rough cut for X Y will be
determined by the control from the D parameter. If W
alone, or D alone are programmed, the autoroutine will
start at the center of the pocket. If both W and D

are programmed, the autoroutine will start at the
corresponding distance from the finish cut starting
surface for pocket enlargement. If both W and D are
programmed, and W x D > 1/2 the shortest side of the
pocket, then D is ignored. If neither W nor D is
programmed, then the rough cut for X and Y will be the
current cutter radius. [f W is greater than the

cutter diameter, then a "CUT TOO LARGE" error is
generated.

"D specifies the number of cuts performed by the XY
axis. This is always a whole number entry whose sign
is ignored by the control. See the description of the
W word, above.

"F" defines the roughing feedrate. If F is positive

or zero, then normal milling is used for the roughing
pass. If F is negative, or not programmed, then climb
milling is used for the roughing pass. f Fis zero )
or not programmed, the current modal feedrate is used
for roughing.
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FINISH RATE--(H)

PLUNGE RATE--(V)

CORNER RADIUS--(R)

OFFSET NUMBER--(Q)

Table 18.E (continued)

"H" defines the finishing feedrate. If H is positive
or zero, then normal milling is used for the finishing
pass. If His negative or missing, then climb milling
is used for the finishing pass. if H is zero or
missing, then 2 times the roughing rate is used for
the finishing rate.

"V" defines the plunging feedrate for the Z axis. If
V is not programmed, then the roughing rate is used
for plunging.

"R" programs the radius of corners in the pocket. If

X and Y are not programmed or zero, R is the radius of
a circular pocket. If is not programmed, but X and ¥
are programmed, the radius of the pocket corners will
be the radius of the current tool.

"Q" specifies the offset number of an entry on the
Tool Offsets page. This entry specifies the diameter
of the tool used to mill the pocket. The control
halves this value to determine the radius used for
cutter radius compensation. If Q is not programmed
the control uses the current O word offset that is
active in the program. If there is no active offset,
the control will issue an errer to this effect.

18.4.2
Restrictions

The following is a list of restrictions that you
should note before programming a G26 autoroutine.

e O word offset values that have negative (-) cutter
diameter values cannot be used with the G26
autoroutine.

e If scaling (G72) is used with the G26 autoroutine
and a corner radius (R word) has been programmed in
(G26, the X and Y scaling factors must have the same
values. If R is not programmed, unequal scaling
values are allowed.

e The rough cut thickness for the X and Y axes, as
defined by W or caleulated based on D, cannot be
greater than the diameter of the current tool
offset.

e The diameter of the current tool offset cannot
exceed the shortest side of a rectangular pocket.

e (18 or G192 cannot be active if R has been programmed
in G26.
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18.4.3 The G26 autoroutine does not require that you enter
When You Omit all of the 15 words available to in the block. The
Certain Words table below describes the operation of the autoroutine

if certain words are not programmed.

Table 18.F Omil Words

if you program: Then this occurs:

no X A slot is milled that has a length specified by Y and a
width of 2R. If R is also not programmed, then the
width of the slot will be equal to the cutter diameter.

noY A slot is milled that has a length specified by X and a
width of 2R. If R is also not programmed, then the
width of the slot will be equal to the cutter diameter.

noXandyY A circular pocket will be formed with a diameter equal
to 2 times R. The center of the pocket is the tool
position when the G26 is defined in the program.

Important: If you specify a circular pocket by
programming R and no X and Y, then the finish cut in X
(I) must equal the finish cut in Y (J), or the cutter

will produce oval path rough cuts. The finish cut will
properly finish the circular pocket.

nol The finish cut specified by J will be used as the X
finish cut.

no J The finish cut specified by | will be used as the Y
finish cut.

no | and J All X and Y cuts will be rough cuts. The last cut will

be executed at the finish feedrate.
no K All Z cuts will be rough cuts.

no W The width of the XY rough cuts will be determined by
the control based on the D word.

noD The width of the XY rough cuts will be determined by
the control based on the W word.

no W and D The rough cut for XY will be the cutter radius.
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no U

nolL

noUand L

no H

no F

nov

noR

no O

Table 18.F (continued)

The rough cut thickness for the £ axis will be
calculated by the control based on the L word.

The number of rough cuts for the Z axis will be
calculated by ihe control based on the U word.

Only one Z cut will be executed. The depth of the cut
will equal the distance from the clearance plane to the
Z depth. The K word, if programmed, will be ignored.
The X and Y moves will be executed at the finish rate
once the Z axis has reached Z depth.

Twice the roughing feedrate is used as the finish
feedrate. Climb milling will be used for the finish
pass.

The modal feedrate (or the default feedrate) is used as
the roughing feedrate. Climb milling is used for the

roughing pass.

The roughing feedrate will be used as the Z axis plunge
feedrate.

The pocket will have corners with radii equal to the
cutter radius, as specified by the O word.

The control will use the currently active tool offset.
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18.4.4 The table that follows tells what happens when you use
When You Combine certain combinations and values of words in the G26
Certain Words autoroutine.

Tabfe 18.G Combining Words

If you programn these
paramelers: You get these resulls:

Land U case 1) If the number or rough Z cuts times the
thickness of each cut is greater than the Z depth fess
the finish cut (Lx U > 7 - K}, then the L word is
ignored by the control and U is used ‘o determine the
number of roughing cuts for the Z axis.

case 2) if the number of rough Z cuts times the
thickness or each cut is less than the Z depth less the
finish cut (Lx U < Z - K), then the depth of the first
rough cut will equal:

(Zdepth - K) - (Lx V) + U = depth of first cut
The balance of the rough cuts will be U thick.

L If LO is programmed, only one Z cut is made (equal to Z
depth) regardiess of the programmed value of U and K,
if any. The XY moves will be executed at the finished
feedrate once the Z axis has reached Z depth. The
maximum value for L is 255.

U and K Certain combinations of the Z rough cut thickness and Z
finish cut {U and K) will require a first rough cut
that is less than U. For example,

ZDEPTH--Z = 2.
ZROUGHCUT --U =06
Z FINISH CUT - K = 0.25

results in 1 rough cut of 0.55 in. desp, 2 rough cuts of
0.60 in. deep, and 1 finish cut of 0.25 in. deep.

(1 x0.55) + (2x0.60) + (1x0.25) = 2.00in.
The short, or "shallow" cut will be executed first.

F If you program F with a negative value, or if it is not
programmed, climb milling is performed for roughing
passes in X and Y. If F is programmed as positive, or
unsigned, then normal milling will be performed for
roughing passes.
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Dand W

Tabfe 18.G (continued)

If you program H with a negative value, or leave H out
of the block, climb milling is used for finish passes

in Xand Y. If His programmed as positive, or
unsigned, then normal milling will be used for finish
passes.

If the number of XY cuts times the XY rough cut is
greater than 1/2 of the shortest side of a rectangular
pocket (D x W > 1/2 min X, Y), then D is ignored. The
maximum value for D is 255.

18.4.5
Circular Pockets

18.4.6
Enlarging Pockets

To program a circular pocket, omit the X and Y words
from the G26 block, that is, do not program X and Y.
You must program an R word to define the radius of the
pocket, however, and all other words are allowed. A
circular pocket will be formed with its center at the

XY position just prior to the G26 block.

You can program the G26 autoroutine to start at a
position that is not the center of the pocket. You can
use this feature to enlarge existing pockets. Use the
D and W words together in the G26 block to use this
technique. See figure 18.8.

Figure 18.8 - Enlarging a Pocket with D and W
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Rough

Rough
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-- use these formulas delermine D & W

/..—ax—-—
‘N
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a, = [(D-1)xW] + | + toof diameter
ay = fD-1)xW} + J + tool diameter
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18.4.7
Slot Milling

The G26 autoroutine can also be used to mill out a
slot. If either the X or the Y word is omitted from
G26, then a slot with a width of 2R will be milled.
The length of the slot will be equal to the word, X or
Y, that is programmed. If R is not programmed, a slot
with a width equal to the tool diameter will be formed.
See figure 18.9

Figure 18.9 - Milling a Slot with G26

2R

Start

18.4.8
Examples

Figures 18.10 through 18.12 show how the words in the
G26 autoroutine are used.

Figure 18.10 - G26 with Comer Radius R

- X —_
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Figure 18.11 - G26 with no Comer Radius R

Y
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Figure 18.12 - G26 Circular Pockel X =Y =0

R
18.5 A G27 block performs a sequence that is similiar to
Post Milling (G26 (described in the previous section), except it
- G27 .. removes material gutside a specified area (as.opposed

to inside a specified area for pocket milling).
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On completion of the finish pass of a post cycle, the
last line is extended past the finish pass starting

arc. The length of extension is specified as the

cutter path radius of the finish pass arc. If a’Q’
parameter is entered, the pullout move length will not
be greater than the 'Q’ entry.

All of the prompts, restrictions, and notes applicable
to G26 also apply to G27, so refer to the previous
section for background information on G27.

The specified area, or "post” is defined by the X and Y
parameters.

If you do not program an R word in the G27 autoroutine,
the milling pattern will be rectangular, that is, it

will have square corners in the cutter path. If Ris
programmed, then the pattern will produce corners that
have a radius equal to R. RO produces a rectangular
post but with 90 degree arcs in the cutter path.

Important: The control must know how far outside the
post area to start the milling sequence; therefore, you
must program a D word that specifies the number of XY
rough cuts.

Figure 18.13 shows the start positions for G27 post
milling, The current location of the tool is the
position of the axes when the G27 block is defined in
the program.

Figure 18.13 - G27 Slarting Locations

Post with Square Corners Post with R radius Corners
4 \ r ™\
/ Start —I'-
Current Location Current Location
/ J

Start
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Figure 18.14 shows how the control calculates the area
to clear around a post.

Figure 18.14 - G27 Post Clearance Dimensions
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-- use these formufas for clearance

dy = [(D-1) x W] + | + tool diameter
dy = f(D-1) x W] + J + lool diameter
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18.5.1
Examples

Figures 18.15 through 18.17 give examples of how the
words in a G27 block are used.

Figure 18.15 - G27 with Corner Radius R
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Figure 18.16 - G27 with no Corner Radius R
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Figure 18.17 - G27 Circular Post X = ¥ =0
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18.6 The G29 word executes the last autocycle that was
Execule Last active in a program. When G29 is programmed, the

Autocycle - G29

18.7
Chapter Summary

autocycle is performed even if it has been cancelled by
a G80 code. The autocycle is performed only once. The
cycle is not restored to active status (if previously
cancelled) by the G29 code. The current feedrate need
not be rapid (G00) to perform the autocycle.

The G29 block may contain an L word which specifies the
number of executions for the entire block up to 255
times.

This chapter covered the G word data block group known
as autoroutines. These data blocks perform such things
as helix moves, bolt circle patterns and pocket/post
milling.

The next chapter covers the CNC control G word group.
CNC control governs the graphics display and determines
how the control responds to the certain front_panel
switches and buttons.



Chapter 19 cNC Control 19-1

19.0
Chapter Overview

19.1
Zone Inhibited
-G60

Chapter 19 -- CNC Control

This chapter covers the CNC Control group of G word
data blocks. CNC Control gives the programmer control
of certain operator functions from within the part
program. After reading this chapter, you will know:

¢ how to define soft limits on the six axes of motion

e how to inhibit operator override functions

e how to control features of the graphics display

The G60 ZONE INHIBITED feature provides the ability to
program soft limits on the six axes of motion. The

limits may be programmed relative to Machine Zero or

relative to the current position.

The G60 Zone Inhibited command can include the

following

parameters:

Axis Positive Limit Negative Limit
X X parameter I parameter
Y Y i J n
Z Z 1] K 1]
U U n A 1]
V V n B 1}
w N 1} C 1]

Each of these parameters can be either absolute or
incremental. This mode can be determined by G90 vs G91
or by upper vs lower case, just like axes moves. If
the current mode for a letter is absolute, as indicated
by an upper case letter on the status page, then an
upper case parameter is absolute, a lower case
parameter is incremental. If the current mode for a
letter is incremental, as indicated by a lower case
letter on the status page, then the parameter is
incremental, regardless whether it is upper or lower
case.
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An ahsolute parameter sets the corresponding limit
versus Machine Zero. An incremental parameter sets the
corresponding limit versus the current location. For
example: G60 X5.3 I-5. Y3. J-4. #

Assuming X, Y, I, and J are all set to Absolute, this
defines an inhibited zone on the X axis from ’-5.0000’
to '+ 5.3000" and on the Y axis from ’-4.0000" to

"+ 3.0000°.

If the negative inhibited zone limit parameter is more
positive than the positive inhibited zone limit, an

error message of ZONE INHIB INVERTED is displayed when
the command is executed. For Example: G60 X-2. I2.#

will result in this error message.

Note that mirroring (G31) will affect incremental

inhibited zone parameters, but not absolute ones. This

has the effect of reversing the parameter letters for

the positive and negative limits. Thus, if mirroring

is ON for an axis, you can not program one of the

limits incremental and the other absolute. Attempting

to execute such a G60 command will result in an error
message of INC MIRRORS ON ABS. For example: G60 x5,
I-5.# where the X axis is currently mirrored will

result in this error message.

Any axis limit not specified in the G60 command is set
to the soft limit for that axis, if there is one. Thus

a G60# (no parameters) will cancel the inhibited zone,
setting all of the axes limits to the soft limits, if

they exist. If there is no soft Iimit for an axis,

there will be no limit on that axis when the inhibited
zone is cancelled.

If there are soft limits for an axis and only one of

its inhibited zone limit parameters is included, the
suitable soft limit is used for the other inhibited

zone limit. If an axis does not have soft limits, you

are not allowed to execute a G60 with only one
inhibited zone limit for that axis. If you attempt to,

a NO SOFT LIMIT error message will be displayed. For
example: G860 I-5.# (where the X axis has no current
soft limit) will indicate this error.
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Rotary limits are set modulus 360 (just like soft

limits). The difference between the positive and

negative limits for G60 parameters on rotary axes must

be less than 360 degrees. (If the difference is greater

than 360, the parameters may be ignored or a ZONE INHIB
INVERTED error message may occur, depending upon the
setting of the soft limits.)

If a inhibited zone is active when a subprogram is
called, that subprogram cannot change the inhibited
zone. If it attempts to, a ZONE INHIB NESTING error
message is displayed. Returning from a subprogram
which has set a inhibited zone, or completing or
terminating of a program which set an inhibited zone,
will cancel the safe area.

An example of prompt edit G60 inhibited zone prompts
appears below.

| Program 12 < operator messages> GRAPHICS | *
| 00001 < error messages > |
| ZONE INHIB---- G60 LIST | *
| Z POS LIMIT---Z |
| X POS LIMIT---X INSERT P | *
| X NEG LIMIT---1I [
| Y POS LIMIT---Y SEARCH | *
| Y NEG LIMIT---J l
| Z NEG LIMIT---K | -
| U POS LIMIT---U |
| U NEG LIMIT---A | -
| V POS LIMIT---V |
| V NEG LIMIT---B G CODES | *
| W POS LIMIT---W |
{ W NEG LIMIT---C M CODES | *
|
| sPARA_NEST1 DIRECTORY | *
| # (
19.2 A G62 block lets the programmer choose whether the
Override Inhibit operator is allowed to use certain override functions.
-- G62 The default condition is for all overrides enabled.

By programming certain words in the G62 block, the
programmer can select which override to affect.

e F --feedrate override switch
e S -- spindle speed override switch

e Q -- [BLK/BLK] and [CYCLE STOP] button (halting)
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19.21
Prompts

If one of these words is programmed in a G62 block, a
zero value will inhibit the corresponding override
function, that is, not allow the operator to use it.

If the word has a non-zero value, the override is
enabled and the operator is allowed to use it.

A G62 programmed alone in a block (G62 #) enables all
override functions.

The table below describes the prompts that the control
gives for G62.

Table 19.A
Gb62 Prompts

Prompt

Function

OVERRIDE INHIBIT--G&2

SINGLE/HOLD--{(Q)

FEED--(F)

SPINDLE--(S)

"Q" inhibits the operator from halting execution by

using the [BLK/BLK] and [CYCLE STOP] buttons when Q is
programmed as zero. The operator can only use
continuous execution. The operator can still use the
feedrate override switch to establish a 0% (feedhold)
condition. When Q is programmed as non-zero or a G62#
is programmed, the operator can resume using halt
functions. If the operator presses the [BLK/BLK]

button while QO is active, the control will recognize

the halt after G62# or non-zero Q. If the operator

presses the [CYCLE STOP] button while QO is active,

and no gther key, the control will halt after G62# or
non-zero Q. If he presses any other key, the control

will not recognize the halt request.

"F" inhibits the operator from using the feedrate
override switch when F is programmed as zero. The
control will assume a 100% setting for the feedrate
override switch, and execute moves at programmed
feedrates. When F is programmed as non-zero, the
operater can resurne using the feedrate overide switch
_to modify the programmed feedrate.

"S" inhibits the operator from using the spindle speed
override switch when S is programmed as zero. The
control will assume a 100% setting for the spindle

speed override switch, and execute spindle speeds at
programmed rates. When S is programmed as non-zerg,
the operator can resume using the spindle speed
override switch to modifiy the programmed spindle
speed.
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19.3 A 66 block controls characteristics of the graphics
Graphics Control display from within an executing program, according to
- G66 the words described below.

If a G66 is programmed by itself in a data block
(G66 #), the grapics display is erased automatically.

Refer to chapter 10 for more on the graphics features
of the control.

19.3.1 The following table describes the prompts that the
Prompts control gives for G66.
Tabie 19.8
G66 Prompts
Prompt Function
GRAPICS--GB6
GRID--(Q) "Q," when it is programmed toggles the GRID feature.

In reponse to Q, the control will turn the GRID on if
it is off, or off if itis on. If no Q is programmed

in the G66 block, the control takes no action with the
GRID.

RAPID--(R) "R," when it is programmed toggles the RAPID feature.
In reponse to R, the control will turn RAPID on if it
is off, or off if it is on. If no R is programmed in
the G66 block, the control takes no action with RAPID.
W/O ERASE--(W) "W" inhibits ersasure of the graphics display when
programmed. If W is not programmed in the G686 block,
the display is automatically erased.

19.4 This chapter covered the CNC Control G word group that
Chapter Summary is used to give the programmer control of some operator
functions from withing a part program.

This completes the programming sections of this manual.
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20.0
Chapter Overview

20.1
Expressions
and Operators

Chapter 20 -- Paramacros

The Paramacros feature is actually a collection of very
powerful, related features. They are listed below.

Computable variables

Computable word address fields in any block type

Variables to and from PAL

Access to certain modal system parameters for

computations

¢ Arithmetic operators and expressions for
computations

¢ Arithmetic and Logical functions for computations

e Conditional Branching, Subroutines calls, and
Subprograms calls based upon logical function
results ’

¢ Parametric Programs, Subroutines, and Subprograms

e Parametric Autocycles

e User defineable prompts to aid in program generation
and execution Prompting of parameters for main
program execution

e Calculator function under prompt edit

The Paramacros feature allows the computation of the
numerical values for most word address fields in any
type of block. The exceptions to this are the N and G
fields in any block and the P field in G39, G59, and
G179 blocks. These blocks must be numeric entries and
cannot be computed expressions.

Any other field can be computed by enclosing an
arithmetic expression in parantheses following the word
address letter. For example: X(2.53 * 7 - 6.2) Note:
No spaces in actual entry.

The expression can be any length that will fit on the
Prompt Edit screen following the word address letter.
As many word address letters as desired in the block
may have expressions.

Nesting of parentheses is allowed within the
expression. For example: L((2.7 + 14.123) * 17)
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The following operators are implemented with this

feature:
Unary Plus and Minus + - Unary operators may only
Operators: come immediately after a left perenthesis
‘(" You must close the quantity with a
right perenthasis ).
Binary + addition
Operators: - sublraction
* multiplication
! division
! exponentiation (including
fractional powers)

The precedence order of these operators is ', then

* and °f, then '+’ and °~’. Parentheses take
precedence over the operators. Execution not resolved
by the precedence order is performed left to right.

Operators may not appear consecutively. In the few
cases where this situation could occur, it is easily
resolved with parentheses. For example: 3!(-4) is
legal while 3!-4 is not.

The Prompt Editor provides significant programming _
assistance and syntax checking. Syntax is checked i
prior to acceptance of a block when [EOB] is pressed. '
Syntax is checked any time the block is redisplayed.

This can be forced at any time by pressing the [ENTER]

key. Programming assistance includes the automatic

maintenance of balanced parentheses. This programming

assistance is suspended whenever a SYNTAX ERROR message

is being displayed, to allow free editing.

Syntax checking is performed by scanning the block from
beginning to end. Characters are displayed on the
suitable word address line until a syntax error is
detected. Then the balance of the block is displayed on
the comment lines with the cursor on the first

character of that line, poised for editing. A SYNTAX
ERROR message is displayed in the lower left of the
screen. The programmer should make the correction and
press [ENTER] to again attempt to display the block.
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During execution, all fields of the block are computed
before the block is executed. If a fundamental block
includes an L field (block repeat), the fields are not
recomputed with each repeat of the block. Also, G39,
G59, and G79, do not assign computed values until the
entire block is evaluated.

The precision of arithmetic expressions is 7 digits,

from .0000001 to 9999999, When the value is assigned
to the word address letter, it is truncated to the
precision demanded by that letter for the applicable G

code.
20.2 This feature supports four sets of variables. The
Variables variables are referenced by a two letter name with the

first letter corresponding to the set type and the
second letter corresponding to the specific variahle
within the set type(i.e. GA,GB,GC,LA,LB,LC). Single
letter variables default to an 'L’ prefix as a Local
Variable (i.e. 'F’ is the same as 'LF’).

The available variables are:

® Local: LA

LZ or A - Z (except G, E, H, N, P}

® Global: GA - GZ (except G, E, H, N, P)

e PAL: PA - PZ (G, E, H, N, or P are read only)

e System: SA - SZ and Sa - Sz (see Appendix A, Read Only)
Local Variables are variables that are available only

to the current program or subroutine. Thus there are

six sets of Local Variables: the main program and the

five allowable subroutine nesting levels. When a

program level is exited, the local variables for that

level are lost.

Global Variables are variables that are available
throughout a program and its subroutines and
subprograms.

PAL Variables are variables that are available to set
or use from the program or from the PAL, (note the
above restriction).

System Variables are actually system parameters that
can be used in computations. They cannot be set from
the program. Section 20,12 provides a list of the
System Parameters corresponding to specific System
Variable names.
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Except for the second letter of System Variables, upper
versus lower case is ignored.

The precision of all Local and Global Variables is 7
digits, from .0000001 to 9999999. PAL Variables are
integer values from 0 to 65535. System Variables
precision depends upon the specific parameter
referenced(ie. current program number 0 - 250, current
X absolute coordinate .0000 - 999.9999).

20.3 This feature includes a library of arithmetic and

Functions logical functions that can be used within expressions.
In each case, the function is followed by an expression
enclosed in parentheses. The expression is evaluated
and the function is applied to the resulting numerical
value to yield a final numeric value.

The following functions are included:

Tabke 20.A
Arithmetic Funclions

ABS() Absolute value

INT( ) Integer value (Value to the left of the decimal)

FRA() Fractional value (Value to the right of the
decimal)

LOG( ) Logarithm base 10
IN({} Logarithm base e
EXP() e to the power
SQR({) Square root

SIN( } Sine of angle in degrees
COS() Cosine of angle in degrees
TAN() Tangent of angle in degrees

Important: SIN, COS, TAN of arguments greater than
or equal to 58761 degrees will cause a 'math overflow’
error.

ASN( ) Arcsine with result in degrees
ATN() Arctangent with result in degrees
ACS() Arccosine with result in degrees
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Examples:

A(ATN(3.5/4.2))

(would assign the local variable A the value 39.80557)
W(SQR(3.532 ! 2 +.2.785 i 2) - .2714)

(would assign the local variable W the value 19.95984)
Logical Functions:

EQ() Equal to zero

NE() Not equal to zero

GT( ) Greater than zero

LT() Less than zero

GE( ) Greater than or equal to zero
LE() Less than or equal to zero

The logical functions all evaluate to ’0’ for false or
1’ for true. This value can then be used in
arithmetic calculations. The logical result can also
affect conditional branching, subroutine calls, and
subprogram calls (see Section 20.7.).

Note:The logical comparison of two variables is
accurate to 1079, for example: EQ(.000001) will
evaluate as true.

Examples :
A(EQ(27.01 - 22.2))

(would assign the local variable A the value 0 from the
false evaluation of the expres-sion. The result does
not equal zero)

A(EQ(22 - 3 - 19))

(would assign the local variable A the value 1 from the
true evaluation of the expression. The result is
exactlly equal to zero)
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G39 and Parametric Subroutines and Subprograms.
Local Variable
Assignment and A G39 that contains a subroutine or subprogram call, as
Parametric referenced by E, H, and/or P fields, is a Parametric
Subroutines Subroutine or Subprogram Call. All word address fields

except N, G, E, H, and P pass values to the
corresponding Local Variables for the called subroutine
or subprogram.

Example:
G39 P7 X2.75 Y(LOG(2.65)/2) #

calls subprogram number 7. The Local Variable 'LX’ for
that subprogram is assigned the value 2.75 and the
Local Variable 'LY’ is assigned the value .2116229
(which 1s 1log(2.65)/2 ). Thus, within the subprogram,
the parametric value can be referenced: For example, a
command of GO1 X(LX) # would position the X axis to
2.75,0or a command of G81 Z(2.3 + LY) # would set up a
G81 autocycle with a Z of 2.511629.

Similarly, G39 H100 E200 L7 # would jump to a
subroutine beginning at N100 and ending at N200 which
could then reference the value 7 passed by the 'L’

field by use of the Local Variable 'LL’.

A G39 that does not contain a subroutine or subprogram
call, serves to set the Local Variables. Thus all word
address fields except N, G, E, H, and P provide values

to the corresponding Local Variables.

Example:
G39 J27.5 U(4.5/2) B(ASN(.5)+25.) #

would set Local Variables LJ to 27.5, LU to 2.25, and
LB to 55. (which is the arcsin of .5, plus 25.). These
can be referenced within the current program,
subroutine, or subprogram by using the Local
Variables. For example: GO01 R(LJ) A(LB/5) # would
execute as GO1 R27.5 Al1. #.

e’
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20.5

G59 PAL
Variable
Assignment.

20.6

G79 Global
Variable
Assignment and
Parametric
Autocycles

G59 is used to assign PAL Variables. These are
variables in the range of 0 to 65535 which can also be
accessed by the PAL. The PAL can assign any PAL
variable,which can then be referenced in the program by
PA through PZ. The program can also assign these
variables {except PN, PG, PE, PH, and PP which can only
be used by the program, not assigned).

This provides an easy means for a program to accept and
use numerical data from the PAL or to generate and pass
numerical data to the PAL.

PAL assignments are found on the Diagnostics page.
They are the A Flags (variables) from A015 thru A040.

Example:
GH9 S1456 D(PR ! 2) Q(GT(PV-463.)) #

will set PAL Variable PS to 1456, PD to the square of
PAL Variable PR, and PQ to 1 if PAL Variable PV is
greater than 463 or to 0 if it is not.

G59# (with no parameters) will pause until the control
catches up to this block. This would be used if a
subsequent command needs to use a variable whose value
may be changed by commands that have been interpreted
but not yet executed. G59# and G79# behave similarly.

G79 provides two functions: Global variable assignment
and Parametric Autocycles.

A G79 that contains a subroutine or subprogram call, as
referenced by E, H, and/or P fields, is a Parametric
Autocycle. All word address fields except N, G, E, H,
and P provide values to the corresponding Local
Variables for the called subroutine or subprogram.

Example:

G79 P7 X2.75 Y(LOG(2.65)/2) #
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20.7

Conditional-
Branching
Subroutines Calls

sets a call to subprogram number 7 as an Autocycle.
The Local Variable 'LX’ for that subprogram is assigned
the value 2.75 and the Local Variable 'LY’ is assigned
the value .2116229 (which is log(2.65)/2 ). Thus,

within the subprogram, the parametric value can be
referenced: For example, a command of G01 X(LX) #
would position the X axis to 2.75, or a command of G81
Z(2.3 + LY) # would set up a G81 autocycle with a Z of
2.511629.

Note that the G79 is not recomputed every time the
autocycle is executed, only when the G79 itself is

executed. The same is true for other autocycles, such
as G81 Z(PZ) #.

Similarly, G79 H100 E200 L7 # would set up the
Autocycle as a jump to a subroutine beginning at N100
and ending at N200 which could then use the Local
Variable 'LL’ to reference the value 7 passed by the

'L’ field.

A G79 that does not contain a subroutine or subprogram
call, serves to set the Global Variables. Thus all

word address fields except N, G, E, H, and P provide
values to the corresponding Global Variables.

Example:

G79 J27.5 U(4.5/2) B(ASN(.5)+25.) #

would set Global Variables GdJ to 27.5, GU to 2.25, and
GB to 55. (which is the arcsin of .5, plus 25.). These

can be referenced anywhere in the program or its
subprograms by using the Global Variables. For example:

G01 R(GJ) A(GB/5) # would execute as GO1 R27.5 All. #

This set of features includes enhancement to the
conditional branching, subroutine calls, and subprogram
calls to allow the conditional to be based upon the
results of a Logical Function.

If an M word has an expression, with a Logical Function
executed last, then the branching or call is based upon
the results of that Logical Function. If the function

is true, the branch or call will take place; if it is

false, the control will proceed to the next block in
sequence.
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20.8
Prompting

Example:
M(GE(GX)) H123 #

will branch to N123 if Global Variable GX is greater
than or equal to zero.

Note that this expression is not executed as an M
function. It is only a conditional expression to
determine whether to branch.

If the command were: M{+GE(GX)) H123 # then the
Logical Function is not executed last and, because of
the "+" before the "GE". Therefore, the block will
evaluate and execute as either M1 H123# or MO H123#
depending upon whether GX is greater than or equal to
zero.

Similarly: M(NE(LS-456.3)) P25# will call subprogram
number 25 if LS 1s not equal to 456.3.

Under the Prompt Editor, all of the implemented G codes
provide prompts for related parameters. This is
basically a column of the word address letters with a
brief description of the purpose of the word address

field to the left of the letter. The area to the right

is provided to enter that word address field.

With parametric Subprograms and Autocycles, a means has
been implemented to allow the user to define prompts

for the related parameters. This is done on the first

line of the subprogram, following the subprogram name.

When the programmer enters a G39, or G79 on the Prompt
Edit page, prompts will appear for SUBPROGRAM----P,
SUB__START__NO--H, and SUB__ END__NO----E. When

a P number is entered, the name of that subprogram will
replace the SUBPROGRAM----P prompt. Further, the
defined word address letters and prompts from the first
line of that subprogram will be added to the prompt

list on the screen. The characteristics of these

prompts are equivalent to the prompts for G codes.
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Prompt Format:

;: name , word address letter ’space’ , next word
address letter . . .. ... .. '." optional comment

Important: The ’space’ field contains a space if the
field is optional or a default value. The ’space’ field
contains an =" if the field is required and does not
have a default value prompt

Example:

s SAMPLE ,X1.25HORIZ DIST,Y=VERT DIST,I HORIZ_ INC,V_VERT_INC;STEP-R

Would define a subprogram named SAMPLE with the
following prompts:

HORIZ DIST---- X1.25

VERT DIST----- Y
HORIZ_INC----- I
VERT_INC------ v

Note that X and Y are required parameters and X has a
default value of 1.25. I and V are optional

parameters. SAMPLE is the subprogram name. STEP-R is
a comment.

These prompts appear when the P field is entered under
Prompt Edit entry of a G39, G589, or G79 into the
calling program. If the P field is less than three

digits, you can press [ENTER] to force the fetching of
the prompts. For a three digit P field, the prompts

are retrieved automatically afier the third digit.

Note that the first block of the subprogram always

begins with a semicolon followed by the subprogram
name. This can be followed by a comma and one or more
prompt fields, each separated by another comma. A
comment can be appended to the end by preceeding it
with a semicolon.

The prompt fields each begin with the word address
letter. If the field is optional, the next character
must be a space. If the field is required and you
desire a default value, then the default value follows
the word address letter.
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If the field is required and you do not desire a

default value, you may follow the word address letter
with an equals sign to separate the word address letter
from the prompt for better legibility (an equals after
the word address letter is ignored). Next is the

prompt characters. Only the first 13 characters will
display in the prompt field.

The prompts are strictly designed as a programming aid
and have no bearing on the passing of the fields. All
fields entered with the G39, G59, or G79 are

processed, whether prompted for or not.

Note that G59 does not have a related subprogram.
However, it is possible to call a subprogram from a
(G59. Even through the word address fields in the G59
define PAL Variables and not Local Variables, the
subroutine can define prompts which, thereby, identify
the PAL Variables to aid the programmer. The
subprogram in this case would probably consist of only
a MO02 to return to the calling program.

Similarly, a G39 can be defined as a parametic
subprogram call with prompts. The subprogram could
consist of one or more commands to assign the Local
Variables passed to it to the equivalent Global
Variables. Doing this makes it possible to prompt for
Global Variables as well. The prompts are actually for
the local variables to the subprogram, but its
execution causes these local variable to be assigned to
the equivalent global variables.

Example:
Main program: G39 P250 X1.23 K-4.76 L25 #

Subprogram P250: ;GLOBALS,X HORIZ,K INCREMENT,L COLNT #
: G79 X(LX) K(LK) L(TL) #
MO2 .
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20.9

If the program number selected for execution on the

Operator Prompting Auto page or the Checkout Pages is defined with

prompts, the control will prompt the operator to enter
the values for the required parameters. This is done

by pressing the fifth soft key on the Auto Operate page
called PARAMETERS. The control will then bring up a
screen similar to the Prompt Edit screen, with the
prompts that are defined in the first block of the
selected program.

The operator can enter the desired word address fields.
When [Cycle Start] is pressed, those values become the
coresponding local variables for the main program. If
the parameters are not defined and the operator exits
the PARAMETERS page the control will issue the error
message "PARAMS NOT EXECUTED".

This allows for a parametric main program.

20.10 The calculator function is designed to eliminate the
Calculator need for a hand held calculator by allowing the
Function programmer to enter an expression under Prompt Edit and

then command the control to replace the expression with
the computed numeric value of the expression.

To facilitate this, the programmer need only enter the
expression as though it were going to be in the program
in that form. Then he positions the cursor following

the right parenthesis and presses [EQUALS] (=).

The control will respond to the ’equals’ by evaluating

the expression from the left parenthesis that mates to

the right parenthesis immediately in front of the

'’equals’. The expression is then replaced by the

computed value.

Example:
X(2.5 + (27 * (SIN(24.)=))) will become X(2.5 + (27 *(0.4067366)))
X{2.5 + (27 * (SIN(24.))=)) will become X(2.5 + (10.98189))

X(2.5 + (27 * (SIN(24.)))=) will become X(13.48189)



Chapler 20 Paramacros

20-13

20.11

The following is a list of the system variables.

System Parameters

Table 20.B
Sysiem Variables

VARIABLE VAILUE

SA
sB8
sC
sD
SE
SF
SG
SH
sl
SJ
SK
SL
SM
SN
SO
SP
sSQ
SR
S8
ST
SuU
sv
SwW
SX
SY
sz
Sa
Sb
Sc
Sd
Se
Sf
Sg
Sh
Si
Sj
Sk
St
Sm
Sn.
So

NOT USED

NOT USED

NOT USED

PROGRAMMED D PARAMETER

PROGRAMMED ROTARY FEED RATE

PROGRAMMED LINER FEED RATE

NOT USED

NOT USED
CURRENT ABSOLUTE POLAR CENTER X COORDINATE
CURRENT ABSOLUTE POLAR CENTER Y COORDINATE
NOT USED

NOT USED

NOT USED

NOT USED

TOOL OFFSET NUMBER

CURRENT PROGRAM NUMBER

NOT USED

NOT USED

CURRENT S CODE

CURRENT TOOL NUMBER

U AXiS POSITION VS MACHINE ZERO

V AXIS POSITION VS MACHINE ZERO

W AXIS POSITION vS MACHINE ZERO

X AXIS POSITION VS MACHINE ZERO

Y AXIS POSITION VS MACHINE ZERO

Z AXIS POSITION vS MACHINE ZERO

NOT USED

NOT USED

NOT USED

CURRENT D PARAMETER VALUE

NOT USED
FEED RATE OVER-RIDE PERCENTAGE (50% = 50.0, 150%" = 150.0}
NOT USED

NOT USED
CURRENT INCREMENTAL POLAR CENTER X COORDINATE
CURRENT INCREMENTAL POLAR CENTER Y COORDINATE
NOT USED
NOT USED

NOT USED

NOT USED

FIXTURE OFFSET NUMBER
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Sp  NOT USED
Sq  NOT USED

Table 20.8

System Variables (continued)

Sr TOOL RADIUS (CUTTER COMP) LAST VALUE USED (COMP ON OR OFF)
Ss SPINDLE RATE OVER-RIDE PERCENTAGE (SSO SWITCH TIMES 10)

St NOT USED

Su U AXIS POSITION VS PROGRAM ZERO
Sv V AXIS POSITION VS PROGRAM ZERO
Sw W AXIS POSITION VS PROGRAM ZERO
Sx X AXIS POSITION VS PROGRAM ZERO
Sy Y AXIS POSITION vS PROGRAM ZERO
Sz Z AXIS POSITION VS PROGRAM ZERQO

20.12 . The following are error messages that can result from
Error Conditions this feature:
Table 20.C
Error Messages
ERROR MESSAGE

Result > permitted word address X CODE OUT-OF-RANGE

Result < 0 and only positive values X CODE OUT-OF-RANGE

allowed

Missing parameter
Undefined local variable
Undefined global variable
Undefined systern variable
Function not found

1st letter of 2nd letter variable
not G,LS,P

Nurmber input > 98839989.

Number input < .0000001

X - SYNTAX ERROR

LA UNDEFINED

GA UNDEFINED

Sa UNDEFINED

X FUNCTION NOT FOUND

X - SYNTAX ERROR

X CODE OUT-OF-RANGE

X CODE OUT-OF-RANGE

Total number of digits entered > 7 X CODE OUT-OF-RANGE
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21.0
Chapter Overview

21.1

Quick Path
Automatic Blends
& Champhers

(Q Parameter)

21.11
Definiions

21.1.2
Command Format

Chapter 21 -- Quick Path and Arc Tangency

This chapter tells you the function of the Quick Path

and Arc Tangency Features and shows you how to use them
correctly. Applying these features will be easier if

you read the chapter completely before implementing

this information.

This feature allows the programmer to easily define a
blend(radius or fillet) or a champher to be inserted
between the current block and the next one.

This feature only blends blocks in the current circular
place (G17,18,19).

In addition, this feature provides a means- to include a
parameter (a Q0) in a G01, G02, or GO3 block to cause
the control to come into position before proceeding

with the next move. A GO1 block with this Q0 parameter
is like a G73, but is non-modal.

Blend: A blend is a radius or a fillet between two
moves.

Radius: A radius is considered to be a rounded outside
corner,

Fillet: A fillet is considered to be a rounded inside
corner. Either of the two programmed moves may be a
line or an are. This feature requires no programmed
distinction between a radius and a fillet.

Champher: A champher is a line between two programmed
moves which replaces a corner with two less sharp

corners. Either of the two moves may be a line or an

arc.

FFB: FFB is an abbreviation for a 'Fundamental Feed
Block’. That is, a move generated by a G01, G02, G03,
G053, or no G. It is not a point-to-point move
generated by a G00.

The format for this feature simply involves including a
Q parameter in any FFB.
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2113
Examples

21.2
GO05
Arc Tangency

This feature applies to current interpolation plane.

If an FFB contains a Q parameter with a value greater
than zero, it specifies the radius of an arc tangent to
the line (or arc) of that block and to the line (or

arc) defined by the next FFB. The control will execute
the current block to the tangency point with the blend
arc, follow the blend arc to its tangency point with

the next FFB block, and then execute the balance of the
next block.

If an FFB contains a @ parameter with a value less than
zero (value preceded by minus sign), then the control

will use the absolute value as a radius to compute the
tangency points as though it was going to insert a

blend. However, instead of following a blend arc
between the blocks, the control will insert a straight
line, thereby forming a champher.

If the GO1, 02, or 03 block contains a Q parameter with
a value equal to zero, the control will wait to come

into position before proceeding to the next move.
Normally the control will proceed immediately into the
next move, which may provide a slight rounding of the
corners between moves due to the following error lag.
This differs from G73 in two ways: It is not modal;

and it works on G02/3 arc.

Consecutive blocks can each contain a @ parameter,
thereby giving blends and champhers into and out of a
block. The blend is attached to the end of the move
defined by the block containing the Q parameter.

See the G05 Arc Tangency spec for examples of the
Blends and Champhers. These two features can be
combined to provide very powerful, yet simple to
program, capability

The G05 Arc Tangency feature defines linear paths which
are tangent to arcs whose radius and center are
programmed. The tangency points are automatically
determined by the control, alleviating the need for the
programmer to calculate these points.

GO05 is a powerful companion feature to the Blend &
Champher feature. Blend & Champher insert moves
between programmed paths and G05 inserts lines to
connect specified arcs. e
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21.21
Programming Format

Arc Tangency is an additional modal positioning mode.
That is, like GO0 and GO01, GO5 sets the mode of the
machine such that subsequent commands which do not
contain a G code will default to G05. This mode
remains in effect until changed by an applicable G code
(GO0, GO1, G02, G03, or G73).

GO05 operates in the current interpolation plane as
determined by G17, G18, or G19. This deseription will
assume the XY plane, but the same information applies
to the other planes except for the change in axis
letters.

Programming a G05 with the center and radius of an arc
defined will cause the control to position, at

feedrate, along a straight line path from the current
location to a point of tangency on the defined arc. The
choice hetween the two possible points of tangency is
determined by the sign of the radius specified. The
parameters of this arc and this point of tangency can

be commanded to be retained (through the D parameter)
by the control to allow the programmer to close the

path to this arc if he desires.

If the Arc Tangency mode is already active, programming
a GO05 or a GO1 will cause the control to continue along
the arc it last approached until it reaches a tangency
point from which it can continue (not double back) on a
linear path to the new destination. If the command is

a 05, the destination can be a tangency to another arc
defined in the GO05.

If no radius is specified in a GO05, or if it is
specified as zero, a point is defined instead of an
arc.

A GO5 with no parameters tells the control to close the
Path to the tangency point in an arc previously
commanded to be retained(through the D parameter).

The parameters for the G05 command consist primarily of
the coordinates for the arc center in the current
interpolation plane #nd a Q parameter to specify the
radius of the arc. If no @ is specified, or if Q is

zero, the axes coordinates specify a 'point’. If the @

value is positive, it specifies the radius of a counter
clockwise arc. If the Q value is negative, it denotes

the radius of a clockwise arc. The direction in-either

case corresponds to the direction of travel along the

arc.
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The center of the arc can be programmed using Cartesian
coordinated or polar coordinates following the same

rules as for the ending point of a GO1 block (with no

Q). Remember that polar programming is currently
available only in the XY plane.

The GO05 block is considered to run from the initial
tangency point of the current (beginning) arc to the
initial tangency point of the arc specified in the G05
block.

Incremental distances are from the center of the
current arc.

The G05 parameters are as follows: (Unless otherwise
noted, the same details apply as for G01)

ABCLJRXY

(Substitute K and Z for other planes) Allowable
combinations specify the center of the ending tangency
arc.

Q- Specifies the radius of the arc. '+’ for counter-
clockwise; ’- for clockwise. If Q is zero or
missing, the destination is a point at the 'center’
defined above

N- Is an optional field 1abel

HLE,P- Optionally specify a branch, subroutine, or
subprogram call

F- Optionally specifies a feedrate

M,S,T,0- Optionally specify a Miscellaneous
function, a Spindle Speed, a Tool Number, or a Tool
Offset number, respectively

L- Optionally specifies a block repeat.

D- Does not specify block divide in G05 blocks.
Instead, if the D is present (the value is ignored),
it tells the control to save the parameters of _t[_)g
specified arc and its entry tangency point to b
used for path closure



Chapter 21 CNC Control 21-5

21.22
Ending the Arc
Tangency Mode

21.2.3
Status Display

A GO05 with no arc center specifed is a special command
which terminates the GO5 mode. The control reverts to
the G01 mode.

Important: If a ‘D’ parameter was specified in a
previous GO05 block, the G05 mode will continue on to
the arc specified in that block. Afier arriving at the
tangency to that arc, the control will follow the arc
to the tangency point where the block with the 'IY
entered the arc. This provides an easy means to
program a closed path.

While the Arc Tangency mode is active:

A GO0 will terminate the Arc Tangency mode and position
from the current location. (Incremental parameters are
still from the current arc center.)

A GO1 will follow the current arc to the exit tangency
point, just like a GO5 block. The control will then
complete the GO1 block as defined.

A GO02 or GO3 is only allowable if the control is
currently at a ‘'point’ (That is, not on a tangency
point of a non-zero arc from the previous G0O5 command.)

To provide the added modal conditions relative to the
current positioning, the status display has been
changed to provide two modal fields:

INTERP MODE: LINEAR
CIRC CW
CIRC CCW
HELIX CW
HELIX CCHW

PATH MODE: CONTINUE
PT TO PT
RAPID
BLEND
ARC TAN
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21.24
Errors

21.25
Examples

GO0 X-5 Y1.1¥

GO05 X-.75 Y.75 Q.25 D# (. _75.75 75.75 }

Y-.75 Q.25#
X.76 Q.25#
Y.75 Q.25#
Gos#
Moz#

The following error messages are new messages
which may occur as a result of improper usage of the
G05 command or the Blends & Champhers (Q parameter):

Bad blend plane — A blend was programmed in a block
with a non Circle-plane axis.

Q-radius too large -- The Q parameter in the current or
previous block specifies a radius which is too large

for the space provided. Note: Q-RADIUS TOO LARGE may
appear with the block following the block with the

faulty @ entry. This block shows the error because Q is
only too large after the intersection with the block is
known.

Zero move in blend - A move of zero length was
programmed while blending.

Rapid during blend -- Blending was attempted on a

rapid move. Or an arc tangent move was followed by a
rapid move.

G02/3 In arc tangent — A GO02 or G03 was programmed
following a G05 arc tangent.

Figure 21-1 - GO5 With Q Coordinates

\’ -75.-.75 75.-.75 oj
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The example of the use of GO5, combined with the power
offered By the Q parameter of the GO1, G02, and G03
blocks.

This example is in absolute Cartesian coordinates. For
an appreciation of the power of the G05 Arc Tangency

and the Q Blends, you can try to program this example
without these features.

Figure 21-2 - Absolute Carlesian Coordinales

STARTING AT X = 0,Y = 3.2 IN ABSOLUTE
G05 X1.4 Y2.45 Q-.3D#
X1.15 ¥1.2 Q.2#

X2.5 Y2.25 Q-.4#

G017 X3.95 Y2.25 Q) +.28#
X3.4Y.6633 Q.22#

G02 13.75 JO X4.5 YO Q.16
GO1 X2.25#

GO05 X.2 ¥1.65 Q-3

GO5#

GO0 X0 Y3.2#

Moz#

32

2.45 / \ .4
2.25

ANV ARE

[

1.65

| \\ A

.2 115 14 225 25 3.4 375 395 4.5







AppendixA Error Codes and QOperalor Messages A-1

This appendix serves as a guide for the error codes and
operator messages that occur while you program and
operate the control. The errors and operator messages
appear in alphabetical order. We also tell you what
the message means, and what you can do to correct the
problem.

Appendix Overview

If you see this message...
You pressed [SHIFT] You have cancelled the
and [CYCLE START] at operation; control
the same time. has been

reinitialized.

ARC ENTRY IN RCOMP

AMP was set to a
default state and
drives may not
be enables.

You have programmed
an arc (G02, G03)
immediately follow-
ing a G40.

Logon as user 1
and enter Control
Parameters page.

Cutter operation can’t
be removed with an arc
move, Use appropriate
linear movement
programming to remove
compensation before
arc entry.

ot e e e ke o e e o e e e e e e et T b o o o o o o o o o o e e o T R e i e B b b ek e e e et B

Contact a qualified
Allen-Bradley field
service engineer.

You need a subprogram

‘in G75 or G79.

i — i ——— o o o o o o o o o e o L T o o o o o o o . e . o e o o T o o o k. b i Il o b e

Press [CYCLE START]
to 1nitiate machine
home.

The currently
displayed axis is
being homed.

Axes aren’t
stabilized, possibly
due to the auto
balance feature.

Press [EXIT], then
[CYCLE START].
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If you see this message... It means this... Notes...

AXIS EXCESS LAG

BAD HEX CHARACTER

A particular axis has
exceeded the allowed
following error; or,
an axis is not
keeping up with the
control’s commanded
position.

You have programmed
an axis that was not
selected in AMP.

You have hit the
hard travel switch.

You hit the soft
limits.

You've programmed
a non-CRC plane
axis in the same
block as a CRC plane
with CRT active.

You need to enter a
fixture number to
digitize on

fixture offsets

This may appear when
you are loading
personality, tool

offset, or fixture

offset memory, or
whenever you are
performing a multi-
prog. load.

The axis drives will
shut down; When you
clear the error with
EXIT you will get
DRIVE NOT on. To set
them back on you will
have to press and
release ESTOP: you

must press [EMERGENCY

STOP] to remove the
condition. You should
also examine the
machine for any drag
producing conditions.
You may need to
"retune" the drives.

Remove the invalid
axis word from the
program,

The axis must be moved
off the travel switch
with JOG.

T o o e e e e e e Ak T T T B T e e 8 8 i e e e ol o ek S o e e o T A e e e T o S B o o o

You have to jog the
axis off the limit.

You have to try again
or fix the tape.

o e e e e ek B e T o o ot o Pt o o o o D e e i T T T o e Yt
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A-3

If you see this message...

BAD ROUTINE ENTRY

——— T o o o o o e e . b o o o e

Press [EMERGENCY STOP]

DRIVES NOT ON

DURING LOCK AHEAD

END LIMLTE -<= START

It means this...

You have programmed
a G24 or G25
incorrectly.

J,X,Y appear.
Battery voltage
Between 2.04 and
2.12 volts

Your battery is dead,
removed, or poorly
connected.

The control failed
to calculate the
correct blend of

You programmed an
illegal designator
for an axis or an
illegal G code

The axis drives have
not been initialized
properly. This is a
normal message if you
have just exited from
the control parameters

page.

You have programmed
a T,0, multi HLE,L.,P,
D (block divide),

G41, G42, G45, G92,
while cutter

radius compensation
(G40-G42) is active.

If the emergency stop
button is in, or if
you have pressed

[EMERGENCY STOP],
this message appears.

You've tried to
insert a program
segment that doesn’t
have the segment
start preceding the
segment end.

Notes...

Check the G24 or G25
block for faulty
coding. You cannot
use R and C if both I,

Contact a qualified
Allen-Bradley field
service engineer,
two moves.

Correct your program
as needed

and release,If message
remains, refer the
problem to qualified
service personnel.

Cancel and remove
compensation before
you execute the
program.

Make sure operating
conditions are safe,
rotate the button and
pull it out.
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If you see this message... It means this... Notes...

ENTER PATTERN, START

FUNCTION NOT ALLOMWED

This message is shown
ont the block search
page. You must type
in the characters

you want the control
to search.

An entry that you
programmed on G, M,
or Directory Page

is out of range.

Exit is shown with

comimorn error messages.

The control has
detected a
programming or
system functioning
€error.

Punch output was
aborted by reception
of DLE character
from output device.

The feedhold override
has been moved to its
0% setting which
holds the axes in
position.

You have tried a
function that isn’t
allowed.

Parametric function
such as TAN or ABS
not found

1. Enter characters

2. Press [ENTERI.

3. Press [START].

4. Press [START] to
resume the search.

Press [EXIT] to clear
the error condition.
Correct the error
producing
circumstances.

Press [EXIT] or press
[SHIFT] and [HALT
CYCLE] at the same
time to reinitialize
the control.

Contact a qualified
Allen-Bradley field
service engineer.

This message could
appear in a number of
places, such as access
control restriction or
program protection.
Check for errors.
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If you see this message... It means this... Notes...

G02/3 IN ARC TANGENT

HALTED

ki it o o kWt e .} S et o T T S T Tt S i ot T o o o o T T T o 7 T o o o o o o o

———— —— ks b b o e o o e o o g e R o o o e o o e y e . o o

You programmed a G02
or G03 while G05 arc
tangent mode is

active.

You have programmed
the shown G code
incorrectly.

You have programmed
a G17, G18, G19, G30
G31, G90, G91, 92
or G99.

You must program a
G81-G85 or G79.

Undefined global
variable

You have stopped
execution of a

function by pressing
[CYCLE STOP] or
[BLK/BLK], or an M00-
MO1 has executed,

or axis limits

have been violated

You haven’t entered
and I value, which
defines the maximum
initial peck
increment.

The system is error
free, out of
feedhold, and isn’t
running a user or
system program.

The PAL download
has received an
unknown request.
for the external
download device.

Switch to GO1 before
the G02/G03. Yoy may
accomplish what you
want using the @
(Quick Path) rather
than the G05

Check the coding and
modify the data block.

Change the program.
Cancel and remove
compensation before
you execute the codes
listed.

Define the Global
paramacro variable

Press the green [CYCLE
START] or the yellow
[BLK/BLK] button
remitialize

execution, or use the
jog capabilities to

move away from the
axis limit.

You can perform any
operation with the
system.
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If you see this message...

IMPROPER CIRC PLANE

IMPROPER CIRCLE AXES

JI CAN'T BE MINUS

It means this...

Cutter compensation
is active and you
program simultaneous
movement of a non-
circ plane with a

circ plane axis.

The remaining 4 axes
may not be combined
with the plane axes.

You have programmed
an improper axis for
linear movement in
helical interpolation
CW or CCW.

The values you
specified in the

G02 or GO03 circular
block result in an
impossible move.

Axis entries for
G02/G03 circular
interpolation don’t
match the selected
plane (XY, YZ, X7).

You have attempted
to change modes from
inch to metric or
metric to inch.

You have specified
an inappropriate
program number.

You have entered a
Jog increment value
with a negative
number.

Notes...

Change the program as
required.

Change the program to
specify the total

linear movement
required for the data
block. The remaining
axis should be
perpendicular to the
selected plane of
circular

interpolation.

Change the program to
properly program the
center of the arc.

Change or correct the
plane you selected.

Normal warning message
acknowledging the mode
change. Restart the
program.

Specify valid program
numbers as required.

T T rr b o o e T o T T o o o ek ks e T T = e oy W ol o e e e o o e o

Enter a positive
increment and use the
(+) or (-) axis soft-
key to go (+) or (-).

_____________________________________________________________ e Y o —— —

e
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If you see this message...

it means this...

Notes...

J,K missing in G83

You have made a
mistake in
programming G83,
peck drilling
autocycle.

Both J and K must
appear in programming.
If J or K appears in

the G83 block, the
other must also

appear. Correct the
program.

—— T o e e R T e —d ki M T = T e S T T e o o e ek el S T T T T S o S e o e o e T . - T

The serial link
has been lost
between the front
panel and the
processor.

Consult qualified
service personnel.

You have pressed a
key which is not used
with your particular
firmware release.

Undefined local
variable

define the local
paramacro variable

Normal operation
during

ladder downloading,
message will appear
until finished.

Downloaded PAL has
exceeded its memory.

i — o ke i T T ———— e i i W o e e e e S e o o B Ak S L e Ay ey ey By e e e e e o e A ek N R o

Download ladder
doesn’t checksum.

Load aborted due to
"break" condition on
input signal.

The loading process
is finished.

Serial link data word
size does not match

what was expected by

the control.

— T — o ) T o o e = e e e T et M T S b S L Y T e o o e e o o et i

Load aborted due to
excess character
input.

e T e i S e ke T T 0 S A — A T i " —— — ———— T —
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If you see this message...

LOOK AHEAD TOO FAR

It means this...

Serial link data did
not contain the parity
expected by the
control.

The control has
detected a fault
i an external
input device.

AMP load is 1n
progress.

Fixtures load is
in progress.

A program load is
in progress even if
a tape reader hasn’t
been connected to a
control.

A tool offsets load
1s in progress.

The contrel must
process too many
non-movement blocks
while cutter radius
compensation (G40-
(G42) is active.

The control has
detected a loss of
feedback from the
motor/encoder
packages.

You have programmed
an illegal M code
of 100 or greater.

You have to perform a
machine home before
you confinue with a
particular function.

Notes...

—— o ey = U o T 1 o . e e e T o e . A o B P o Y T e o o e e e . A T e e T D T S Ty Y — —

Examine the device for
proper operation.

This message appears
during load.

This message appears
while you are loading
the program.

o e R A P e Ry . e e e . Y e e T e e S ek e T e A e i . T e e e Bl i T e S R e e = A e i T i o A o — 7 —

Modify the program to
reduce the number of
blocks between
execution of
compensation moves,

The system will shut
down. Consult
qualified service
personnel.

T T . £14. {o i T e B T e T T o b e e Ak k. o e Ty " o o A T " " ———— =

Contact a qualified
Allen-Bradley field
service engineer,

This message appears
after powerup, before
MDI, dry run, and auto
operate.

. ——— — ey T e o it T S A o i e . L S T o e W S e T S e e T W T e T . S i e ks e P T S
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If you see this message...

MATCH FOUND

It means this...

Notes...

A program search
operation has found
a corresponding
message.

This message appears
during block search.

e e g e e e e o Y g o o o o T T Tt Ao W T o i e i W e e B B o B e e e B it T T T e = PO~ = T o o . T —

MEMORY FAIL

The control has
detected a fault

in its memory while
it is running its
internal diagnostic
program.

The system shuts down
and is not functional.
Note the address and
refer the problem to
qualified service
personnel.

————— o o o Ao T o o i A7 T e T i S T o e e ey S T A M e e e T o} . i e e e ek B . i R ke .y = =

You have programmed
a G27 and you're
missing a X, Y, or

Modify/correct the
program block.

——— L8 . e o e o o T T i Y o o e Tt D I e M o e e A8 S A Y oy e M e il e G e e e

MORE THAN 1 CGbE

A data block contains
more than one word
address of the same
kind.

Delete the duplicate
word address and any
numeric value
associated with it.

e o — ——— o B o = o T e e e o P Y Y T e M e e S WY ER S e e o . &

When you modify
personality
parameters, the

control must be
in ESTOP.

Put the control in
Emergency Stop.

You must press
[ENTER] before you
continue with an
operation.

You must select
options during
program insert.

_—————— T o o & T = e S T T 8 S o e e e A Bt S Y M M e e e A T e e T —— e b . Y ————

You must initialize
mid program start and
press [ENTER].

You must press
[START1 during
program insert
before you can
continue.

e o S g e R S S A e B T o i e M T M e e e e T Tt o S A oy o T e o o o .
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If you see this message...

NO # IN BLOCK

b o T e T . T et e . P . ¥ e B o e e o TR e e . A i B .k o et . T e S R PR . o T

Ak e g o Y L i o oyt A e T e S e T Y D T e S Ty B T e e . D o M oy T P

NO PROGRAMS TO DUMP

T i T e g AL N D o e e e B T o S e M B Bt o e e S S oA B o ek ke e P T e e e T o

. Sk e ks e S T e e oy S T S e i g e et . S o e e o ey N b i . Sk S —— o ——

o Y e e = T e S . B e P e . A48 e B g e e

P NESTED TOO DEEP

e et o oy - o T e o Dt e e e o e oy Y A Lt g L o B S S S e S S i S s T S e T —

It means this... Notes...

The control Insert the EOB
detected a data at the end of the
block that program,
requires an EOB

character.

The control detected
a G26-G27 that
requires you to
specify a number for
roughcuts.

A corresponding
code hasn’t been
found or the search
reaches the end of
the program.

You have attempted
a save operation,
but there are no
programs in the
control’s memory

to output.

Axis has hit the

soft travel limit

or ESTOP has occurred
and no return from jog
was performed.

You've tried to use
a feature that is
not part of the
system.

The tape is being
output.

You can’t call
programs or sub-
programs for

execution from MDI.

Successive subprogram
calls have gone

deeper than 5 levels.

Check your program for
the error.

Press [START] to
resume the search.

Correct your MDI
block.

Modify the program to
stay within the
allowed ™

nesting depth. (More
than 5 levels without
a return.)
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If you see this message...

It means this... Notes...

PARAMS NOT EXECUTED

You have executed the
Parameters screen of

the Auto or Check Out
pages without defining

the variables.

There is checksum
error in a sub-
program. The error
lists the bad program
(P) and calling
program (***),

Edit the program.

—— i —————— e o o b o e o o o o o e T o o P Wy e e S T ot i S0 S ot R i o el i ke o e o o e e e i Sk T Y T} S e

PC INHIBITING START

The integral program-
mable controller is
preventing an
operation to begin,
when the [CYCLE
START] button is
pressed.

Make sure you specify
initial conditions,
Examine the status
page for any PC
messages,

P NOT LOADED ( )

You have used a sub-
program that isn’t

in memory. The

P number and calling
number are indicated.

Enter the required
program in memory;
change the subprogram
call, or renumber an
appropriate program.

You haven’t ended
a subprogram or

program with an M02.

The control halted
execution.

Insert the M02 at the
end of the program
whose number is
displayed.

——— e i e ey T T TR . it L A . S T T T T " O oy 7y S S W W S e 7

PROG. CHECKSUM ERROR

You have tried to
execute a program
that is in memory
and has a checksum
error.

Programs that have
checksum errors are
marked in the program
directory with a "C"

in the "C" flag

position. They

appear, for example,

when a damaged tape is
loaded and ACCEPT ERRS
option is active.

B B e e e e e e e ke B Y B T T i P Bl B e e e e e e e e e e e e B T T T o . = —

A program has been
completed.

You have tried to
renumber a program
number that has
already been assigned.

Change the program
number.
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If you see this message... It means this... Notes...

PROGRAM LIST FULL You have stored the MDI requires part
limited number of program memory equal
programs (65) in 1o one part program.
memaory. It temporarily stores

number 252.

PROGRAM # NOT FOUND The control doesn’t

recognize the program
number you entered.

——— T T S 5 e L . g e e e e B T B o . e e e e i g R R e e o M o ot b et o

PROGRAM NEARLY FULL You are editing a
program and do not
have much room to

work with.

PROGRAM SPACE FULL You have run out of Delete some programs
program storage from memory or trans-
mMemory. fer them to a storage

device.

R ABOVE CURRENT Z The programmed When the operation is
clearance plane defined and rapid
height (R) is negative Z movement to
above the current the R plane is
Z position. impossible.

Change the command or
position Z at or above
the clearance plane
before you define the
operation.

RADIUS COMP FAILED Contact a qualified
Allen-Bradley field
service engineer.

RADIUS O in B DIVIDE You've programmed a
radius of zero length
in block divide.

RADIUS TGO LARGE The radius is too Change the tool.

big for the current
tool.

T ek o e e e g o N . T i T M e e e o A T T g D L S e = S R i e . T " T . T o T . D R W
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It means this... Notes...
Blending was attempted

on a rapid move, or an

arc tangent move was

followed by a rapid

move.

REC CHECKSUM ERROR The control has Load will stop;default
detected a checksum values will appear in
error in the records the personality.
of loading tool
offset data, fixture
offset data, or
personality
parameters,

If you see this message...

Tool offsets and
fixture offsets will
have zeroes in the
positions with faulty
checksums.

Make a new tape with
correct data on it.
REFERENCE LENGTH = 0 You programmed a Program a linear move
polar block that prior to the polar
has no direction; block, or change the
polar block.

Change the program by
programmming a non-
Zero move.

Or, you have
programmed a cavity
autocycle with a

ZETO move,

REQUIRES CHECK RUN You've tried to make
a change in the
graphics screen
limits while you were
in the auto operated
mode.

You've tried to use
a facility that
requires the IDLE
state.

You must program the
lead per revolution
as non-zero.

You can only change
graphics limits when
the control is in
check run or test run
modes.

Establish IDLE state
before you select the
capability.
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If you see this message...

It means this...

RETURN JOG ON START

e e d o T T " - e o e T R S A8 A e e S T e oy = e N A B e T T oy N N i e T —— — — —

————— T ————— s ok i T e e e o e o S A e e i T e e o T T A o i

ke et A o o T o o e T T T I it b e e e oy A D D Tt Tt e o S o A A el i e e e S T A S = —

——————— " e = 7 T T T e S A el Al M T S e e e . S e e e e N S M e e e e e T S e e e e e R St e o

——————— T et T T i o e o T T o o o T B B P T D Tk e e e o D A e T T T e e e A S L A T M Sk B e e e T N S e e S —

. —— o ey o o o o T T T 7 e T . S S T e e " Y S o e o it Al o i T o . T —

o e L St e i T e e T e T A P S S ke S ek T . S e e e e e S T T e e e i T e e

——————— A T —— e e T T S S s P o e oy S S A B B B e WAl A e i B e B B e ey S . i e g T ——

. — e e e T T Ll S . T T P S e el i M B Y T TY S W e ek o e M B e N e o e e

SOFT TRAVEL

___________________________________ _\.._____.._..____.._..___....-___-__....-..-________.._

SOFTWIRE LINK ABORT

T —— A e e T A G S e S A i ke kS . o b e

You are given the
option of returning
to the point on a
program path,

OR

resuming execution
at the point to
which you jogged.

The return from a
subroutine changed
the CRC plane.

The control is
executing a user
or system program.

Undefined system
variable

The output has been
successfully
completed.

The control doesn’t
recognize the sequence
# you tried to search.

You must select EIA
or ASCII format
before you initiate

a program output.

An axis has been
run to a software
defined limit.

The PAL download was
aborted from the
external device.

Notes...

Press the green [CYCLE
START] to resume
execution,

OR
press [SHIFT] and
[CYCLESTART] at the
same time to resume
execution from the
same location.

You need to program
a G17, G18, or G19.

Define the system
paramacro variable

Select the appropriate
format on the save

page.

The control assumes a
halted state; select
either jog handwheel
or jog continuous to
move away from the
limit position.
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If you see this message... It means this... Notes...
SOFTWIRE LINK FAILED The PAL download

process was aborted

because the

external device

time expired.

STORAGE SPACE FULL You have tried to
mput data with 65
programs already in

memory.
___ SYNTAX ERROR There is an illegal, Correct the block or
misplaced, or missing the paramacro
value in the block, for these conditions.

following the indi-
cated letter. Or the
1st letter of a two
letter paramacro is
not G, L, S, or P.

o ——— " —————— T o o o o o o ek N . oy T e e e T o o o o ke e ik e o e T . T . A ks ok e . —

SYSTEM IN FEEDHOLD You have pressed the Select the setting
green [CYCLE START] other than 0% to allow
to initiate an axis the machine to move.

move and the feedrate
override switch is
at 0%.

TAPE BLOCK TOO LONG There is a block
that exceeds 64
characters in

length.

TOO MANY CAL POINTS You have programmed  Check your program.
over 1000 CAL points.

TOO MANY ROUGH CUTS You have programmed  Check your program.
too many rough cuts.

U & L IN SAME BLOCK You have programmed  Delete either U or L.
aU&Lina G26.

___UNDEFINED The indicated letter Probably the result of

' has no defined value an incomplete or

misplaced paramacro.

VERIFY COMPLETE The verify function
is complete.
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If you see this message... It means this... Notes...
VERIFY ERROR The control has Check your program.,

detected an error
during verify.

o e e e o e e B b e e S LR i T T e e e B g A N i et el o T o o A o e e e B T B e Y e e e Lo o e

VERIFY FIXTURES Verify in progress
" VERIFY PROGRAM Verify in progress.
“VERIFY TOOL OFFSETS Verify in progress.
" VERSIONS DON'T MATCH You have tried to Firmware versions must.
load personality, be the same level.

tool offset or

fixture offset memory
with data from a
control that has an
earlier version of

firmware.

WDT TIME OUT The external system The system will shut
watch dog timer has down. Consult
detected a fault in qualified personnel.
the system.

X CODE QUT-OF-RANGE 1. Resuit > permitted Correct the paramacro

word address

2. Result < 0 and
only positive values
allowed

3. Number input
> 9999999.

4. Number input
< .0000001

5.Total number of
digits entered >7

e ko o o e o e . . o b o S e e e T T D S T e e o it e e e S = T T r — —— ——

X, Y, I, J REQ'D IN G25 You have not included Include either X, Y,
X, Y, I, or J when I, or J n the block.
you programmed a G25.

XY NEEDED FOR G26 You need to specify Change the G26 block

as
X,Y,orR required.

dimensions.



Appendix A Error Codes and Operator Messages A-17

If you see this message...

Z ABOVE R

It means this...

The final Z axis
position in a G26,
pocket milling, or
GB81-G85, is above
the established
clearance (R) plane.

Programmed Z in
G81-G85 is too small.

You have programmed
a move having zero
length while cutter
radius compensation
is active.

You need to specify
a Z axis movement
in a G26, or G81-G85.

Notes...

Change the Z axis
position.

e T - . oy = = s dh " e o o e e Y - e T M S Ay T T S ———— o o o o e o T T b e

Modify the program to
eliminate the zero
length move.

Enter an appropriate
Z value.
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index

I-1

A

A Flags Page 12-72

Absolute Cartesian Coordinates 21-7
ACC/DEC Operation 12-44

Acceleration/Deceleration
Parameters 12-43

Actual Location 12-85

AMP Page 12-8
AMP Page Softkeys 12-8

AMP Page 12-8
Approach Distance 12-64

Arcs, Standard in All Planes,
Block formats for 15-24

Arithmetic Functions 20-4
Audience 1-3
Auto Operate 9-1
Auto Operate Page 9-3
Autocycles, Introduction to 17-1
Axis Calibration 12-62
Entering Axis Calibration
Parameters 12-62
Number of Points 12-64
Number of Calibration Points 12-67

Axis CAL 12-61
Calibrate an Axis 12-67

Axis Integration Notes 12-13

Axis Position Display,
How to Change the 5-10

Axis Mirror G30, G31 16-2

Axis Selection 12-63
Enabled/Disabled 12-63

B

BACKLASH 12-34

Backlash Comp 12-61
Entering Backlash Comp Values 12-61

Backlash Comp Page 12-60
Block Delete 6-2
Block Divide -- D Word 13-21

Block formats for Standard Arcs
in All Planes 15-24

Block Search Page 6-20
Block-by-Block Cycle Button 2-5

Branching -- N, H, E, L, and P 13-26

C

C Only Block Format --
Concept View 15-30

C Only Block Format --
Concept View 15-13

CTMD Page 12-74
C Word -- Rotary Feedrates 15-3

Cal Point to Cal Point
Interpolation 12-67

Cal Table End 12-64
Cal Table Start 12-63
Calculating Gain Break Points 12-5

Calculator Function 20-12
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Cavity Example 17-9

Center and End Point Arcs --
Concept View 15-24

Center and End Point Arcs 15-22
Block Formats for Standard Arcs in All
Planes 15-23
Center Only Circles 15-24
Center Only Circle Words for the 3
Planes 15-24
Center and End Point Arc Examples 15-25

Center Only Circle Words For The 3
Planes 15-25

Center Only Circles --
Concept View 15-26

Center Position Words -- 1, J, K 13-20
Check Out 8-1
Check Out Page 8-2
Checking For Errors 13-3
C1J Block Format -- Concept View 15-31
CIJ Block Format -- Concept View 15-17
Circular Interpolation --
G02 and GO3 15-19
Circular Interpolation Prompts 15-19
Selecting the Plane 15-21
Programming the Arc 15-22
Standard Circular Interpolation 15-22

Climb vs. Normal Milling
Assumptions 18-19

Conditional Branching Subroutines
Calls 20-8

Configuration for DSI Tape Punch 12-57

Configuration for Kaypro Il as a
Terminal 12-55

Control Package 2-5
Control, Access 12-2
Control Functions 12-3
Users and User Numbers 12-5
Assigning Passwords 12-5
Automatic Log On 12-6
Assigning Functions 12-6
Control Page Access12-3
Control Parameters 12-9
Control Parameters Page 12-9
Control Prompts For G66 21-5
Control Prompts for G2, G3 15-20
Control Prompts for G74 14-8
Control Prompts for G72 14-2
Control Prompts for G94 14-20
Control Prompts for GO0, GO1, G73 15-7
Correction Distance 12-65
CRT 2-1
Current Point 12-64
Cutter Radius Compensation
G40, G41, G42 16-2
Plane Selectable Compensation 16-6
Cutter Compensation Restrictions 16-6
Cycle Start 12-67
Cycle Start Button 2-4

Cycle Stop Button 2-5
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/-3

D
D Word -- 15.3 Block Divide 15-5 .

Data Entry and Programming
Procedure 12-11

Data Blocks, Illegal 13-4
Decimal Point Programming, Implied 13-6

Decitek Tape Reader, Required
Configuration for 12-56

Default Control Parameters 12-10

Definitions for Global Parameters 12-7

inch/metric 12-8

LDEC 12-8

fine/coarse 12-9

CHE 12-20

dps/dpm/rpm ROTARY 12-23

disabled/ rotary/linear/
DRO/Slaved 12-23

Homing Sequence 12-26

revision/ message 12-27

AMP Version 12-27

Identity Messages 12-27

Feedrates 12-28

MX TOOL 12-28

MASK 12-28

Definitions for Per Axis
Parameters 12-32

+ LIMITS and HOME POS 12-32
Delete All Softkey 7-28
Delete Page 7-27
Delete Prog Softkey 7-27
Desired Location 12-64
Diagnostics 12-70

Access 12-70

Parameters Displayed 12-71

Parameter Categories 12-71
Pages 12-71

Directory 6-22

Directory 7-25

Directory Page (with program flags) 7-29

Directory Page 7-28

Directory Softkey 7-28
Select a Program From the

Directory 7-29

Display Softkey 7-2

DRO Operation 12-24
Presetting DRO Axes 12-24
Split Axes(Slaved) 12-24
Characteristics 12-24
Split Axes Operation 12-25

Dry Run 8-7

Dry Run Page 8-7

Dry Z Run 8-8

Dry Z Run Page 8-8

Dummy Move 16-11

Dummy Move Compensation Example 16-11

E

E Word -- Ending Sequence Number 13-29
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Edit Softkey And Edit Pages 7-3
Prompt Edit 7-5
Line number space 7-5
"/" space 7-6
Sequence Number space 7-6
G space 7-6
Prompt space 7-6
Word Address Space 7-7
Optional Parameter Space 7-7
Comment (;) Space 7-7
Entering and Editing a Program

in Prompt Edit 7-8

Graphics 7-9
List Edit 7-10

Effects of Different CHE 12-20
Emergency Stop 3-3
Emergency Stop Button 2-4

Ending Control Parameter
Programming 12-44

Enlarging a Pocket with D and W 18-26

Entrance Move 16-9

Entrance Move Compensation Example 16-9

Error Conditions 20-14
Error Messages 12-69
Error Messages 20-14
Errors 12-68
Example Program for Block Divide 13-23
Executing a Program 9-4
Executing a Program From An
External Device 9-4
PAL Prog. Selection 9-5
Executing a Program 8-4

Expressions and Operators 20-1

F
F Word -- Linear Feedrates 15-3
Feed Check 8-6

Feed Check Page 8-6

Feedrate Override effect on
Jog Rates 5-6

Feedrate Override Switch 2-4
Feedrates -- F Word 13-21
Feedrates 15-3

Fine/Coarse Programming Decimal
Places 12-19

First Graphics Page (Viewing Page) 10-3
Fixture Offsets 6-12
Direct Cursor Entry of Fixture
Offsets 6-15
Fixture Offsets Page 6-13
Following Error Adjustments 12-33

Front Panel and Softkeys 2-1
Front Panel 2-2

Funections 20-4

G

G Codes (second page) 7-23

G Codes 7-22
Examine a Code 7-23

G Codes Page (first page) 7-22

G Flags Page 12-73
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G Word Data Blocks 13-13
G Word Groups 13-14
Page 1 G Word Groups 13-15
Page 2 G Word Groups 13-15
Legal Addresses in G Word Data
Blocks 13-15

G Words on Page 1 of G Code Prompt.
Page 13-14

G Words on Page 2 of G Code Prompt
Page 13-14

GO0 -- Linear Interpolation Mode 15-6
GO1 -- Linear Interpolation Mode 15-6

G04 -- Dwell Time 15-32
Prompts 15-33

G04 Control Prompts 15-34
GO5 -- Arc Tangency 21-2
Programming Format 21-3
Ending the Arc Tangency Mode 21-5
G05 With Q Coordinates 21-6
G17 -- Plane Selection 16-1
G18 - Plane Selection 16-1
G18 XZ Plane Sample Program 18-7
G19 -- Plane Selection 16-1
G19 YZ Plane Sample Program 18-8
G22 -- Helical Interpolation 18-1
G22 Control Prompts 18-2
G23 -- Helical Interpolation 18-1

G23 Control Prompts 18-2

G24 -- Bolt Hole 18-8

Prompts 18-9

Defining the Circle Center and
Start 18-11

Valid Combinations for Start
and Center 18-11

Defining the Points on the
Circle 18-12

Number of Points to Execute the
Cycle 18-12

Number and Spacing of Points 18-12
Using W 18-12
Using B 18-13

Defining the Angle to the First
Point 18-13

Defining the Cycle 18-13

G24 Control Prompts 18-9
G24 Example 18-15
G24 Parameters 18-14

G25 -- Step-and-Repeat 18-16
Prompts 18-16

G25 Control Prompts 18-16
G25 Example 1 18-17
G25 Example 2 18-18

G26 -- Pocket Milling 18-18
Prompts 18-19
Restrictions 18-22
Omitting Certain Words 18-23
Combining Certain Words 18-25
Circular Pockets 18-26
Enlarging Pockets 18-26
Slot Milling 18-27

G26 Circular Pocket X = Y = 0 18-28

(G26 Combine Certain Words When
Programming 18-25

G26 Control Prompts 18-20..
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G26 Omit Certain Words When
Programming 18-23

G26 with Corner Radius R 18-27
G26 with no Corner Radius R 18-28
G27 -- Post Milling 18-28

G27 Circular Post X = Y = 0 18-32
G27 Post Clearance Dimensions 18-30
(G27 Starting Locations 18-29

G27 with Corner Radius R 18-31
(G27 with no Corner Radius R 18-31
G29 -- Execute Last Autocycle 18-32
G30 -- Axis Mirror 16-2

G31 -- Axis Mirror 16-2

G39 -- Local Variable Assignment and
Parametric Subroutines 20-6

G40 -- Cancel Radius Compensation 16-3
G41 -- Cutter Left 16-4

G41--Cutter Left 16-4

G42 -- Cutter Right 16-5

G42 -- Cutter Right 16-5

G45 -- Fixture Offsets 16-17

G59 -- PAL Variable Assignment 20-7
G60 -- Zone Inhibited 19-1

G62 -- Override Inhibit 19-3
Prompts 19-4

G62 Prompts 19-4

G66 -- Graphics Control 19-5
Prompts 19-5

(73 -- Linear Interpolation Mode 15-6
G73 -- Point to Point Interpolation 14-7

G174 -- Parts Rotation 14-8

Prompts 14-8

Canceling Rotation 14-9

Rotation About Zero and Non-Zero
Coordinates 14-9

X and Y Moves in the G74 Block 14-10

Repeating a G74 Block - Effect of
Absolute/Incremental

I,J,and C 14-11

Subprograms and Subroutines in the G74
Block 14-11

G75 -- Cavity Milling 17-2
Prompts 17-3
Planning the Profile 17-4
Ending the Profile 17-5
Planning the Path 17-5
Planning the Cavity 17-5
Cancelling G75 17-7

G75 Control Prompts 17-3

G79 -- Global Variable Assignment and
Parametric Autocycles 20-7

G79 -- Programmable Autocycle 17-9
Prompts 17-9

G79 Control Prompts 17-10
G79 Example 17-12
G80 -- Cancel Autocycles 17-13

G81 -- Drill Autocycle 17-13
Prompts 17-13

G81 Control Prompts 17-14

G81 Example 17-15 .
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G82 -- Counter-Bore Autocycle 17-15
Prompts 17-15

G82 Control Prompts 17-16
G82 Example 17-17

G83 -- Peck Drilling Autocycle 17-17
Prompts 17-18

G83 Control Prompts 17-18

G83 Example With Chip Breaker only 17-21

G83 Example with Dwell, Chiphreak,
and Z W/O Retract 17-22

(G83 Example with Dwell and Retract
only 17-21

G84 -- Tap Autocycle 17-22
Prompts 17-23

(G84 Control Prompts 17-23
G84 Example 17-25

(G85 -- Bore Autocycle 17-25
Prompts 17-25

(G85 Control Prompts 17-26
G85 Example 17-27

G89 -- Restore Last Cancelled
Autocycle 17-27

G90 -- Absolute Programming Mode 14-16

G91 -- Incremental Programming
Mode 14-17

G92 -- Preset Program Zero 14-18

G94 -- Per Time Feedrate 14-20
G94 Prompts 14-20

G99 -- Cancel Program Zero 14-20

Gain 12-43

GAIN BP 1 and GAIN BP 2
Gain Break Points 12-32

Gain Break Points 12-16
System Gain and Following Error 12-14
Calculating Gain Break Points 12-5
Gaining Access to the Control 3-2
Global Parameters 12-12
Graphics, Overview of 10-1

Grid Line Units 10-5

H

H Word -- Jump/Subroutine Call 13-29
HANDWH__MUL and DIV 12-31
Helical Interpolation-Absolute 18-5

Helical Interpolation G22 and G23 18-1
Prompts 18-1
Helix Programming 18-2
Examples 18-5

Helical Interpolation-Incremental
G18 XZ Plane 18-6

Helix Programming Information 18-14

HOME % # 12-35
+ or - FIRST TO HOME 12-35

How to Use Graphics 10-8
After Initial Power Up 10-9
How to Change a Window Setting 10-10
How to Examine a Part Program in
Detail 10-11
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1/O Configuration Page - Initial
Settings 12-45

/O Configurations, typical 12-55
Kaypro II 12-55
Decitek Tape Reader 12-56
DSI Tape Punch 12-58
I/0 Formats for External Tape
Preparation 12-58
Format for SINGLE LOAD/SAVE 12-58
Format for Multiple 12-59

Illegal Characters Addresses and Words
In Programming 13-4

Implied Decimal Point Programming 13-6
Inch Mode Scaling 12-38
Linear Axis with Rotary Encoder 12-39
Linear Axis with Linear Scale 12-39
Inch/Metric 6-2
Inch/Metric Axis Scaling
Parameters 12-37
Setting Inch Mode -- G70 14-1
Setting Metric (mm) Mode -- G71 14-1

Input/OQutput 12-45
Choosing a Device Name 12-46

Input/Output Overview 11-1
Insert P 7-19

Interval Distance 12-63

J
Job Setup 6-1
Job Setup Page 6-1

Jog Continuous 5-5

Jog Continuous Page 5-7
Jog Handwheel 2-5
Jog Handwheel 5-3
Select a Single Axis 5-4
Select More Than One Axis 5-5
Jog Handwheel Page 5-3
Jog Incremental 5-7
Jog Incremental Page 5-7
Jog-In-Auto and Jog-and-Return 9-7

Jog-in-auto and Jog-and-return 8-5

L
L Flags Page 12-73
L Word -- Block Repeat 13-34

Ladder, D1 Revision,
Base Numbers for 12-30
See also PAL

Ladder, MASK Values for 12-29
LDEC and Programming Units 12-18
Legal Addresses in G Word Blocks 13-16

Linear Polar Legal Block Formats 15-11

R Only Block Format 15-12

C Only Block Format 15-13

RA Block Format 15-14

RC Block Format 15-15

RIJ Block Format 15-16

CIJ Block Format 15-17

RCIJ Block Format 15-18

Light Indicators 9-6

Linear Axes Words 15-2
Secondary Axes Words - Linear or
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Rotary 15-2
Center of Movement Words 15-3
Polar Positioning Words 15-3
Linear Axes Words X, Y, Z2,U,V, W13-17
Linear Interpolation Modes 15-6
Linear Interpolation Prompts 15-7
Standard Linear Interpolation 15-9
Polar Linear Positioning 15-10
List Edit 13-3
List Edit Page 7-11
Load Page 11-6
Load Page 11-6
Load Page Softkeys 11-7
Run From External Device 11-9

Load/Save Overview 11-2
Load/Save Page Softkeys 11-3

Load/Save Page 11-2

Log On Page 12-7

Log on Screen 3-2

Look Ahead Restrictions 16-8
Look Ahead Start 16-14

Look Ahead Start Compensation
Example 16-14

M
M Code Page 7-24

M Codes 7-24
Select an M Code 7-25

M Word -- Miscellaneous Functions 13-23

MOO -- Program Stop 13-24

MO1 -- Optional PROGRAM STOP 13-24

MO2 -- Program End 13-24

MO06 -- Program Stop, Manual Tool
Change 13-25

M30 -- Program End 13-25

M-Function -- Conditional Branching
13-25

Other M Words - Standard PAL 13-25

Machine Home 5-2

Machine Home Page 5-2

Main Diag. Page 12-72

Main Menu Page 3-4

Main Menu Page 4-1

Main Menu Page 4-2

Main Menu Screen 3-3

Making Changes to a Part Program 7-13
Insert a Character into a Data

Block 7-13

Insert a Block In List edit: 7-14
In Prompt edit: 7-14
Delete a Character 7-15
Delete an Entire Block 7-15
Change an Incorrect Entry 7-16
Syntax Checking 7-16

Manual Design 1-4

Manual Operate Page 5-1

Manual Organization 1-1

Manual Overview 1-1

Manual Teach Page 7-32

MASK Values with Standard Ladder 12-29

Max Rate 12-33
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MDI Page 5-11
MDI5-10

How to Enter and Execute an MDI

Block 5-11

Options Available in MDI 5-12
Metric Mode Scaling 12-40

Linear Axis with Rotary Encoder 12-40

Linear Axis with Linear Scale 12-41
Mid Program Start 6-20

How to Search for a String 6-21

How to Search for a Line # 6-22
Milling a Slot with G26 18-27
Mirroring a Part 6-15

Selecting the Number of Fixtures 6-16

Fixture Offset Digitizing 6-16

To use the Handwheel: 6-18

To use the Jog Pages: 6-18

Zeroing Fixture Offset Table 6-19

Adjusting Fixture Offset Table 6-19
Modes, Applicable 9-5
Multi-Program Load 11-14
Multi-Program Load Page 11-12
Multi-Program Save 11-12
Multi-Program Save Page Softkeys 11-13

Multiple Program Load Page
Softkeys 11-14

Multiple Program Save Page 11-11

N
N Word -- Sequence Number 13-26
New Prog Softkey 7-25

Next Prog Softkey 7-26

Next Program 6-22

Numeric Formats 13-5
Number of Allowed Digits 13-5

Numeric Values 13-4
Decimal Point 13-5
Numeric Format 13-5
Inch/Metric 13-5

0
O Word -- Offsets Select 13-35
Operator Prompting 20-12

Optional Stop 6-3

P
P Word -- Subprogram Branch 13-27
Pages And Softkeys of The Control 4-1

PAL 12-74
See also Ladder
PAL Page 12-74

Parameters, System 20-13

Parts Rotation -- G74 14-8

Prompts 14-8

Canceling Rotation 14-9

Rotation About Zero and Non-Zero
Coordinates 14-9

X and Y Moves in the G74 Block 14-10

Repeating a G74 Block - Effect of
Absolute/Incremental

I,J,and C 14-11

Subprograms and Subroutines in the G74
Block 14-11

Pendant Control 2-1
Per Axis Parameters 12-12.

Plane Selection G17, G18, G19 16-1
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Point to Point Interpolation -- G73 14-7

Polar Arcs 15-25
Legal Polar Arc 15-26
R Only Block Format 15-26
RA Block Format 15-27
RC Block Format 15-27
C Only Block Format 15-30
CIJ Block Format 15-31

Polar Positioning Words --
A, B, C, R 13-20

Position Tolerances 12-37

Posttioning G Words 15-1
Linear Interpolation G Words 15-1
Circular Interpolation G Words 15-2
Axis Words in Positioning Blocks 15-2

Power O\n, Turn 3-1

Power, Incoming System 3-1

Power-up Conditions 9-3

Power-up Conditions 3-4

Program Edit Page 7-1

Program Insert Page 7-19

Program Protect 12-69

Program Protect Page 12-69

Programming Illegal Characters Addresses
and Words 13-4

Programming.13-1
Data Blocks 13-1
End-of-Block, # 13-2
Comment Block, ; 13-2
Block Delete, / 13-3

Programs 13-4

Prompt Edit Page 7-3

Prompting 20-9

Q

Quick Check 8-2
Changing Axis Positions Displays 8-3

Quick Check Page 8-3

Quick Path Automatic Blends & Champhers

(@ Parameter) 21-1
Definitions 21-1
Command Format 21-1

R
R Only Block Format -- Concept View
15-27

R Only Block Format -- Concept View
15-12

RA Block Format -- Concept View 15-14
RAC Block Format -- Concept View 15-28
RC Block Format -- Concept View 15-29
RC Block Format -- Concept View 15-15
RCIJ Block Format -- Concept View 15-18
Renumber Page 7-26

Renumber Softkey 7-26

Required Configuration for Decitek Tape
Reader 12-56

Resuming Program Execution 8-5
Resuming Program Execution 9-7

RIJ Block Format -- Concept View 15-16
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Rotary and Linear Axis Moves in the Same
Data Block 13-19

Rotary Axes Words U, V, W 13-18
Rotary Axis 12-66
Rotary Mode Scaling 12-41
Rotary Axis with Rotary Encoder 12-42
Rotary Axis with Linear
Type Scale 12-42

Rotation About Zero and Non-Zero
Coordinates 14-10

Rotation Example 1 14-13

Rotation Example 2 14-15

S
S Word -- Spindle Speed 13-34

Save Page 11-4
Save Page Softkeys 11-5

Save Page 11-5

Scaling - G72 14-2
Prompts 14-2
Scaling Example 14-3
Canceling Scaling 14-4
Scaling Arc Entries 14-4
Scaling Absolute Moves 14-4
Multiple Scaling 14-6
Scaling with Subprograms and

Subroutines 14-7

Scaling Absolute Moves 14-5
Scaling Incremental Moves 14-4

Search 7-17
Search by Line Number 7-19

Search Page 7-17

Second Graphics Page
(Set Window Page) 10-6

Set Window Page 10-7

Setting Inch Mode -- G70 14-1
Setting Metric (mm) Mode -- G71 14-1
Simultaneous Edit and Execution 9-2
Softkeys 2-1

Spindle Speed Switch 2-4
SPINDL__MUL 12-31

Standard PAL M Words on the {M CODES]
Prompt Page 13-26

Status Display 21-5
Errors 21-6

Status Page 10-12
Status Page Messages Left Side 10-13
Status Page Messages Middle 10-13
Status Page Messages Right Side 10-14
Status Page Messages Lower Right 10-15

Status Page 12-12

STOP Message 12-32

Stopping Program Execution 9-6

Stopping Program Execution 8-4

Support Page 12-1

Support Page Functions 12-1

System Gain and Following Error 12-14

System Parameters 20-13
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System Start up Mode 12-46
Mode 12-46
Baud In 12-47
Baud Out 12-47
Baud Clock 12-47
List Mode 12-47
Parity 12-48
Word Size 12-48
Stop Bits 12-48
Outbound Controls RTS and DTR 12-49
Inbound Controls CTS and DCD 12-50
I/O Port 12-50
Soft Controls 12-50
Punch Starts 12-51
Reader Starts 12-51
Leader Count 12-51
Characters 12-52
System Start Up Mode 12-53
Default Load 12-53
Default Save 12-53

System Variables 20-13

T
T Word -- Tool Select 13-36

Teach 7-30
Jog Handwheel 7-31
Jog Continuous 7-31
Jog Incremental 7-31
MDI Teach 7-31
Manual Teach 7-31
Delete 7-32
Directory 7-33

Teach Page 7-30
Terms We Use 1-3

Tool and Fixture 13-35

Tool Offsets 6-3
Direct Cursor Entry of Tool
Offsets 6-8
Incrementing an Offset Entry 6-8
Length Offset Digitizing 6-9
To use the Handwheel: 6-10
To use the Jog Pages: 6-11
Zeroing Tool Offset Table 6-11
Adjusting Tool Offset Table 6-12
Tool Offsets Page 6-6

Tools and Tool Holder Dimensions 6-4

"4
Variables 20-3
Variables, System 20-13

Verify Page 11-10
Verify Page Softkeys 11-11

Verify Page 11-9

Viewing Page 10-4

w

Word Descriptions 13-13

Word Formats and Descriptions 13-7
Word Formats and Functions 13-7

Words in Positioning Blocks 13-17
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